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PREFACE 

The  work  reported  herein  was  conducted  by  Waugh  Controls  Corpora¬ 
tion,  Chatsworth,  CA,  for  the  Arnold  Engineering  Development  Center 
(AEDC),  Air  Force  Systems  Command  (AFSC)  under  contract  F40600-86- 
C003.  The  Air  Force  Project  Manager  was  Ms.  Marjorie  S.  Collier, 
AEDC/DOT,  and  the  Waugh  Controls  Corp.  Project  Manager  was  Mr. 
William  Seiler,  Jr.  The  reproducibles  used  in  the  reproduction  of 
the  report  were  provided  by  the  author. 
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1  INTRODUCTION 

1.1  Background 

In  the  testing  of  jet  engines,  fuel  flow  rates  must  be  measured 
accurately  over  a  wide  range  of  flows,  from  idle  to  takeoff,  which 
may  be  in  the  ratio  of  140  to  l  or  greater.  Further,  studies  of 
engine  performance  during  acceleration  require  that  the  flow  meter 
have  excellent  transient  response,  the  acceleration  time  being  on 
the  order  of  a  few  seconds.  Turbine  meters  are  ideal  for  measuring 
flow  transients,  their  response  having  been  shown  to  be  on  the  order 
of  a  few  milliseconds.  However,  limitations  of  rangeability  (in  the 
order  of  10  or  12  to  1)  have  in  the  past  demanded  that  two  or  even 
three  meters  be  successively  switched  into  the  stream  in  order  to 
cover  the  full  range  of  flow  rates,  with  the  result  that  the  time 
required  for  switching  results  in  a  loss  of  data  during  critical 
intervals  and  additional  signal  conditioning  is  required  to 

accommodate  differing  calibration  factors. 

A  Phase  I  Program,  Contract  F40600-84-C0007,  was  completed  on  April 
26,  1985.  This  program  proved  the  feasibility  of  the  recirculation 
method  of  wide  range  flow  measurement  over  a  140  to  1  or  greater 
range  with  a  1.0  percent  or  better  measurement  uncertainty. 

A  working  prototype  unit  was  delivered  under  this  contract. 

1.2  Theory  of  operation,  recirculation  method 

1.2.1  Wide  Range  Fuel  Flowmeter. 

The  Wide  Range  Flow  Meter  provides  linear  measurement  of  flow  rate 
over  a  much  wider  range  than  can  be  normally  achieved  by 

conventional  flow  metering  methods.  Flow  meters  normally  perform  in 
a  linear  manner  only  over  a  limited  range  of  flow  rates, 

approximately  ID  to  1  in  the  case  of  turbine  flow  meters.  At  rates 
lower  than  the  useable  range,  output  is  not  linear  and  often  not 


1 


AEDC-TH-89-B 


repeatable.  in  the  Wide  Range  Flow  Meter  the  nonlinear  region  is 
offset  by  recirculating  a  stream  in  an  additive  direction  through 
the  meter  at  a  rate  roughly  equal  to  the  minimum  linear  flow  rate, 
thus  allowing  the  meter  to  operate  entirely  within  ite  linear  range. 
Met  flow  rate  is  determined  by  measuring  the  flow  rate  in  the 
recirculating  stream  and  subtracting  this  value  from  the  value 
measured  by  the  main  stream  meter. 

Referring  to  Figure  1: 


FIGURE  1.  CIRCULATION  DIAGRAM 


The  main  stream  turbine  meter,  1,  is  mounted  in  the  main  stream  2. 
Recirculating  stream  4,  connects  downstream  from  the  main  meter  and 
reconnects  on  the  upstream  side.  Pump  5,  circulates  fluid  through 
the  recirculating  meter,  3,  at  a  roughly  constant  rate  of  flow. 
Shut  off  valve,  6,  provides  for  operation  of  the  mainstream  meter 
only,  without  recirculation. 
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The  two  meters  are  readily  calibrated  against  one  another  by 
shutting  off  the  main  stream  with  only  the  recirculating  stream 
operating.  The  two  meters  are  then  operating  at  identical  flow 
rates,  and  the  subtracted  ' pulse  output  is  set  to  zero  by  automatic 
setting  of  a  digital  rate  multiplier  in  the  computing  circuit.  By 
so  doing,  errors  are  eliminated  which  would  result  from  variations 
in  the  calibration  factor  of  either  meter,  particularly  when  the 
main  stream  flow  rate  is  near  zero.  Such  variations  become  less 
significant  as  the  flow  rate  increases,  and  are  negligible  at  the 
higher  rates. 

It  should  be  observed  that  the  system  calibration  factor  is  the  same 
with  and  without  recirculating  flow. 

With  Pump  5  turned  off  and  shut-off  valve  6  closed,  flow  through 
the  mainstream  meter  at  location  2  is  identical  to  system  flow  7. 
Under  these  conditions  the  systems  electronic  signal  conditioner  is 
subtracting  the  output  of  meter  3,  which  is  zero,  resulting  in  a 
system  calibration  factor  identical  to  that  achieved  with 
recirculating  flow. 

1.2.2  Signal  Conditioner. 

The  signal  conditioner  scales  outputs  from  the  two  meters  to  equal 
units  and  then  subtracts  the  recirculating  meter  output  to  produce  a 
final  output  representing  the  main  stream  flow  rate. 

Referring  to  Figure  2,  Electronic  Controller  block  diagram,  pulse 
stream  A  is  from  the  main  stream  flow  meter  and  pulse  stream  B  is 
from  the  recirculation  flow  meter. 

The  first  stage  is  an  operational  amplifier  with  AC  feedback  to 
stabilize  the  output  amplitude  as  the  meter  pulse  frequency 
increases  with  flow  rate. 
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The  first  stage  output  is  the  input  to  a  zero  crossover  detector, 
having  an  output  frequency  double  that  of  its  input. 

The  A  and  B  pulse  streams  are  synchronized  to  an  internal  lOOKHz 
clock  which  prevents  any  time  coincidence  between  the  two  streams. 

The  4  digit  scaler  multiplies  pulse  stream  B  by  a  factor  to  produce 
a  pulse  stream  B2  which  is  the  same  frequency  as  that  from  the  main 
stream  flowmeter  A  when  the  main  stream  is  shut  off  and  the 
recirculating  stream  is  flowing.  The  B  pulse  stream  is  then  sub¬ 
tracted  from  the  A  pulse  stream  to  produce  zero  frequency  output  at 
zero  main  stream  flow. 

The  subtracter  Network  consists  of  one  four  stage  binary  up/down 
counter  with  appropriate  control  logic. 

Any  accepted  B2  pulse  will  cause  the  counter  to  count  up  one  pulse 
and  any  accepted  AO  pulse  will  cause  the  counter  to  count  down  one 
pulse. 

Part  of  the  control  logic  senses  if  there  is  any  count  in  the 
counter.  If  there  is,  the  first  AO  pulse  that  follows  any  B2  pulse 
will  be  inhibited  from  the  A-B  output.  However,  this  same  AO  pulse 
will  down  count  the  counter  one  pulse.  If,  at  this  time,  the 
counter  is  zero  and  another  AO  pulse  occurs  before  another  B2  pulse, 
this  AO  pulse  is  output  as  an  A-B  pulse.  If  a  B2  pulse  occurs 
before  another  AO  pulse,  the  counter  will  be  counted  up  one  count 
and  the  following  AO  pulse  will  be  inhibited  from  the  A-B  output. 

Due  to  "on  line"  variations  of  the  pulse  frequency  from  the  A  and  B 
pulse  streams,  it  is  possible  to  accumulate  some  extra  B2  pulses. 
Up  to  sixteen  of  these  extra  B2  pulses  can  be  accumulated  without 
reducing  the  performance  of  the  subtracter.  These  extra  B2  pulses 
would  be  accumulated  if  the  frequency  of  the  AO  pulse  stream  falls 
below  that  frequency  of  initial  calibration. 
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A  second  part  of  the  control  logic  senses  when  the  counter  Is  full 
and,  at  this  time,  will  inhibit  any  further  count  of  B2  pulses. 
This  is  to  prevent  a  counter  roll-over  to  zero,  which  would  allow  an 
unwanted  AO  pulse  to  be  passed  to  the  A-B  output. 

A  two  to  one  change  in  scaler  resolution  has  been  provided. 
However,  the  increased  resolution  can  be  implemented  only  if  the 
input  A  and  B  pulse  stream  ratio  is  less  than  0.5  (A/B) . 

If  the  ratio  is  less  than  0.5,  divider  #1  is  set  in  the  divide  by 
two  position.  This  allows  the  A  stream  counter  to  count  twice  as 
many  pulses  as  compared  to  the  divide  by  one  character.  However, 
the  B2  output  would  have  twice  as  many  B2  pulses  as  actually  needed 
for  proper  subtraction.  Therefore,  divider  #2  must  also  be  set  in 
the  divide  by  two  position.  This  second  division  of  two  also  tends 
to  even  the  pulse  to  pulse  period  of  the  A-B  output  for  better 
performance  of  any  pulse  to  DC  converter  driven  by  the  A-B  output. 

The  divider  #3  provides  an  additional  divide  by  two  for  the  A-B 
output.  This  will  further  even  the  pulse  to  pulse  period  of  the  A-B 
output  for  smoother  pulse  to  DC  converter  performance.  However,  the 
DC  converter  must  be  scaled  up  by  a  factor  of  two  for  correct 
readings. 

After  calibration,  as  product  is  allowed  to  flow,  A-B  pulse  stream 
will  reflect  the  actual  product  flow.  See  Figure  3  for  the  system 
logic  diagram. 

Automatic  Scaling  is  performed  as  follows: 

1.  The  main  stream  is  shut  off. 
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2.  The  scaling  control  push  button  PB  Is  pressed,  clearing 
A  and  B  stream  counters  of  all  counts.  When  PB  is 
released,  both  counters  are  enabled  and  start  counting 
their  respective  pulse  streams.  The  B  stream  counter 
accumulates  10,000  B  stream  pulses.  When  this  count  has 
been  reached,  the  scaling  control  disables  the  pulse 
input  of  both  counters. 

3 .  The  count  in  the  A  stream  counter  controls  the 
multiplication  factor  that  is  applied  to  the  B  pulse 
stream  so  that  B2  pulse  stream  frequency  is  equal  to  AO 
pulse  stream. 

4.  AO  and  B2  pulse  streams  are  then  fed  into  the  subtracter 
network  and  A-B  pulse  stream  is  now  zero. 
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2  OBJECTIVES 

The  primary  objective  of  the  program  was  to  provide  a  Wide  Range 
Fuel  Flowmeter  (WRFF)  capable  of  measuring  the  flow  of  jet  fuel  over 
a  140  to  1  or  greater  range  with  a  1.0  percent  or  better  measurement 
uncertainty  and  a  transient  response  of  0.5  seconds  or  less. 

The  specified  flow  range  of  500  to  70,000  pounds  per  hour,  equates 
(using  the  density  of  JP-4  at  60  Deg.  F)  to  a  flow  rate  of  1.31  to 
183  gallons  per  minute. 

Additional  objectives  resulting  from  evaluation  of  the  prototype 
WRFF  created  during  Phase  I  were: 

Repackage  the  meter  to  be  as  small  and  economically 
producible  as  practical. 

Replace  the  recirculating  pump  with  a  smaller  more 
reliable  unit  compatible  with  jet  fuels. 

Investigate  further  the  availability  of  a  suitable 
metering  pump  to  replace  the  recirculation  flow  meter. 

Provide  means  to  disable  the  recirculating  flow  when  not 
operating  in  the  low  flow  range. 

Repackaged  the  electronic  conditioner  smaller  and 
suitable  for  rack  or  panel  mounting. 

Provide  direct  pulse  outputs  for  both  of  the  turbine 
meters. 

Investigate  the  performance  of  an  air-driven  pump  for 
possible  use  in  hazardous  environments. 
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3  PROCEDURES 
3.1  Pump  Selection. 

Since  the  pump  is  the  largest  component  of  the  WRFF  and  would 
largely  dictate  the  configuration  of  the  final  system,  selection  of 
a  pump  was  the  first  item  addressed. 

It  was  perceived  that  if  a  positive  displacement  pump  could  be 
obtained  with  essentially  constant  flow  characteristics  over  the 
range  of  pressure  drops  anticipated,  it  would  be  possible  to 
eliminate  the  one  inch  recirculation  flow  meter.  in  order  for  a 
positive  displacement  pump  to  be  viable,  it  would  have  to  be 
competitive  size  and  price  wise  with  the  centrifugal  pump-flowmeter 
combination. 

It  should  be  noted  that  some  reservations  as  to  reliability  existed 
(at  least  in  regard  to  plunger  type  positive  displacement  pumps)  as 
a  plunger  pump  had  been  evaluated  during  phase  I  and  had  seized 
during  early  testing. 

Manufacturers  of  plunger,  vane,  and  gear  type  positive  displacement 
and  centrifugal  pumps  were  contacted. 

Some  of  the  positive  displacement  pump  manufacturers  contacted 
expressed  reservations  about  reliability  in  this  application,  and 
the  units  ranged  from  2B  to  48  inches  long,  weighed  in  the 
neighborhood  of  200  pounds  and  cost  from  $2,100  to  $2,900. 

In  view  of  the  requirements  for  size  reduction,  reliability  and  to 
produce  an  economically  viable  product,  a  centrifugal  pump  became 
the  obvious  choice. 

A  Price  Model  SC100-25  Centrifugal  Pump  was  selected  as  being 
appropriate  for  the  application.  This  unit  has  a  316  stainless 
steel  head  and  impeller,  and  an  explosion  proof  motor. 
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The  pump  discharge  characteristics  are  presented  in  Figure  4, 
replotted  from  the  manufacturer's  literature  for  clarity,  and  to 
present  pressure  in  PSI  rather  than  head  in  feet. 


5  10  15  20  25 

FLOW  RATE  (GPM) 


FIGURE  4.  PRICE  PUMP  DISCHARGE  CHARACTERISTICS 

The  unit  was  also  available  with  a  Gast  Air  Motor  drive  with 
identical  mounting  provisions  providing  interchangeability  during 
our  testing. 

-  3.2  Recirculation  Injection  and  Recovery 
During  the  pump  investigation  phase  of  the  program  it  was  recognized 
that  by  injecting  the  recirculating  flow  in  a  downstream  facing  tube 
and  recovering  the  fluid  in  an  upstream  facing  tube  the  velocity 
pressure  of  the  mainstream  flow  could  be  utilized  to  cancel  the 
mainstream  pressure  drop  between  the  injection  and  recovery  points. 
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Since  the  only  variable  in  the  recirculation  loop  is  the  line  lose 
in  the  mainstream  flow  with  varying  flow  rates,  this  approach  would, 
if  successful,  result  in  a  constant  head  across  the  pump  and 
essentially  constant  recirculation  flow. 

This  is  very  desirable  as  it  essentially  eliminates  any  non 
linearity  present  in  the  one  inch  recirculation  meter  as  a  source  of 
system  error. 

In  addition,  elimination  of  high  back  pressures  on  the  recirculating 
pump  permit  the  use  of  a  smaller,  more  economical  unit. 

Prior  to  fabrication  of  test  hardware,  a  series  of  calculations  were 
performed  to  determine  the  magnitude  of  back  pressures  seen  by  the 
recirculation  pump  with  introduction  and  recovery  of  the 
recirculation  flow  at  right  angles  to  the  mainstream  flow  as 
incorporated  in  the  phase  1  unit,  and  utilizing  the  inwardly  facing 
tubes  under  consideration. 

See  Figures  5  and  6  for  clarification  of  terms  used  in  the  following 
discussion. 

Three  factors  influence  the  variable  pressure  drop  (PI  -  P2)  seen  by 
the  recirculation  system  as  mainstream  (Q2)  flow  rate  is  varied. 

The  primary  loss  is  the  pressure  drop  across  the  mainstream  turbine 
meter  and  associated  plumbing  between  the  introduction  and  retrieval 
points.  This  pressure  drop  (P3  -  P4)  is  a  function  of  the  square  of 
the  flow  rate  in  the  metering  section  (Qm)  which  is  the  combined 
flows  (Q2)  and  the  recirculation  flow  (Ql) .  This  is  the  Iosb  which 
we  desire  to  eliminate  or  greatly  reduce  as  it  is  virtually  zero  at 
low  flow  rates  but  becomes  significant  at  higher  flow  rates 
resulting  in  lower  recirculation  flow,  possible  recirculation  flow 
meter  non  linearity,  and  operation  of  the  recirculation  meter  at  a 
less  desirable  operating  point. 


14 


AEDC-TR-89-6 


FIGURE  5.  LATERAL  INJECTION 


FIGURE  6.  AXIAL  INJECTION 
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The  second  variable  to  be  considered  is  the  expansion  and 
contraction  losses  incurred  at  the  point  of  injection  and  recovery 
respectively. 

In  the  case  of  lateral  injection  and  recovery,  (Figure  5) ,  the  two 
streams  (Q1  &  Q2)  are  at  right  angles,  the  injection  loss  is 
unaffected  by  the  mainstream  velocity  and  the  losses  are 
proportional  to  the  velocity  pressure  of  the  one  inch  stream  (Pvl) , 
and  are  therefore  proportional  to  Ql2. 

For  axial  injection,  (Figure  6) ,  these  losses  behave  quite 
differently.  For  Q2  =  0,  the  losses  will  be  similar  for  axial  and 
lateral  injection.  As  Q2  increases  the  relative  velocity  (Vr  *= 
V1-V2)  decreases  until  a  point  is  reached  where  V2  -  VI,  the  streams 
merge  smoothly,  and  the  expansion  and  contraction  losses  become 
zero. 

In  the  geometry  chosen,  this  condition  occurs  at  a  mainstream  flow 
rate  (Q2)  of  79.2  GPM. 

As  the  mainstream  flow  rate  increases  further,  V2  increasingly 
exceeds  VI  creating  a  negative  relative  velocity  which  impacts  the 
downstream  recovery  tube  creating  a  positive  pressure  at  P2  and  has 
an  aspirating  effect  on  the  upstream  injection  tube  creating  a 
negative  pressure  at  PI. 

The  third  loss  contributing  to  the  recirculation  pump  back  pressure 
is  the  loss  within  the  one  inch  recirculation  loop  incorporating  the 
one  inch  flowmeter  and  associated  plumbing.  The  loss  incurred  in 
this  segment  will  be  a  function  of  the  square  of  the  velocity  (or 
flow  rate)  in  this  line  API  «  K(Q1) * . 

The  sum  of  the  above  losses  represent  the  head  requirement  of  the 
recirculating  pump,  and  in  conjunction  with  the  pump  discharge 
characteristics  determine  the  recirculation  flow  rate. 
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Example  of  calculation  (Lateral  injection/recovery) 
Assumed 

(P3  -  P4 )  -  6.0  PSI  §  Q2  =  200  GPM 

Q1  =  24.0  GPM  @  Q2  -  0 

S  =  62.34#/fts  (water  at  60  deg.  F) 

Units 

V  (velocity)  ■=  FT/sec 
Q  (flow  rate)  -  GPM 
A  (area)  -  in 2 

Pertinent  Dimensions 


Recirculation  tubing  is  1.00  OD  X  .065  wall 
di  -  .87  in 

A1  =  .7854  (.87) 2  =  .594  in  2 

Mainstream  tubing  is  2.00  OD  X  .065  wall 
di  =  1.87  in 

A2  =  .7854  ( 1 . 87 ) 2  -  .7854  (1.00)2  -  1.961  in2 

Equations 

Pv  -  tv  2  -  62.34V  2  -  .0067  V  2 

2G (144)  (2) (32.2) (144) 

V  =  2  *=  GAL  _  FT3  min  144  in2  »  Q(.320B) 

A  min  in2  7.481gal  60  sec  FT 2  A 


As  previously  cited,  the  back  pressure  (HEAD)  seen  by  the  pump  (&Pp) 
is  a  function  of  three  cumulative  losses: 

For  the  calculation  of  P3  -  P4  the  flow  rate  through  the  metering 
section,  QM  is  considered  to  be  the  mainstream  flow  rate  Q2  plus  a 
constant  recirculation  flow  rate,  Ql„  of  24  GPM. 
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It  should  be  observed  that  a  minor  error  is  introduced  by  not 
adjusting  Ql  for  variations  in  recirculating  flow;  however,  it  can 
be  proven  that  in  no  case  does  this  error  exceed  0.1  PSI. 

(P3  -  P4)  can  be  calculated  for  any  flow  rate  as  follows: 

(P3  -  P4)  «*  (Q2  test  +24)2  X  6.0  PSI 
(200  +24)* 

The  expansion  and  contraction  losses,  AP  exp,  incurred  in  the 
lateral  mode  are  equal  to  the  combined  resistance  coefficient  K 
multiplied  by  the  velocity  pressure,  Pvl,  in  the  one  inch  stream. 

Reference:  Crane  Technical  Paper  No.  410  (A~26) 

dl  =  .87  -  .47 

d2  1.87 


Resistance  Coefficient 

(enlargement) 

CM 

U> 

• 

u 

(contraction) 

-  j_35 

Combined  Coefficient 

(K) 

-  .97 

Therefore: 

AP  exp  =  .97  Pvl  «=  (.97) (c) (VD* 

2g  (144} 

Utilizing  the  relationship  of  VI  and  Ql,  and  combining  constants, 
this  becomes: 

AP  exp  ■=  .0019  Ql2 

The  third  loss  contributing  to  the  recirculation  pump  back  pressure 
is  the  loss  within  the  one  inch  recirculation  loop  Incorporating  the 
one  inch  flow  meter  and  associated  plumbing.  The  loss  incurred  in 
this  segment  is  a  function  of  the  square  of  the  velocity  (or  flow 
rate)  in  this  line. 

API  -  K(Ql) 2 
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The  constant  for  this  segment  can  be  determined  from  the  no  flow 
(Q2  =  0)  condition  as  follows: 

APp  -  (P3  -  P4)  +  K  (Ql) 2  4-  iP  exp. 

Q1  assumed  to  be  24.0  GPM 

(P3  -  P4 )  from  earlier  equation  -  (24)2  X  6  =  .07  psi 

(224)z 


AP  exp  -  .0019  Ql2  -  1.09  PSI 

A Pp  from  Price  pump  curve  (Figure  4)  =  8.00  PSI 

B.  00  -  K(24)z  +  .07  +  1.09 

K  -  8.00  -  .07  -  .1.09  -  .0119 

242 

We  can  now  use  the  following  equation  to  calculate  recirculation 
flow  rate  at  various  system  flow  rates. 

APp  -  (P3  -  P4)  +  .0119  Ql2  +  .0019  Ql2 

=  (P3  -  P4 )  +  .0138  Ql2 

While  this  equation  cannot  be  solved  directly,  in  conjunction  with 
the  pump  discharge  curve  a  unique  solution  is  possible. 

A  value  for  Ql  is  selected  and  Ql2  and  APp  are  calculated.  Ql  and 
APp  are  spotted  on  the  pump  curve.  If  necessary,  a  second  value  is 
chosen  and  by  interpolation  a  specific  flow  rate  is  obtained. 

An  .example  of  the  calculation  at  Q2  =  25  GPM  is  presented. 


Ql 

Ql2 

(P3  -  P4) 

. 0138Q1 2 

APP 

(GPM) 

(PSI) 

(PSI) 

(PSI) 

24 

576 

.29 

7.95 

8.24 

23.5 

552.25 

.29 

7.62 

7.91 

19 


AEDC-TR-B9-6 


Interpolation  yields  a  recirculation  flow  rate  of  23.7  GPM  at  8.02 
PSI  pump  head. 

I 

Calculations  were  conducted  over  the  flow  range  Q2  ■=  0  to  Q2  =  200 
GPH.  Results  are  presented  in  Table  1  below,  and  plotted  on 
Figure  7,  page  23. 


TABLE  1.  CALCULATION  SUMMARY,  LATERAL  INJECTION 


Q2 

Ql 

AFp 

(GPM) 

(GPM) 

(PSI) 

0 

24 

8.00 

25 

23.7 

8.02 

50 

23.3 

8.10 

75 

22.6 

8.25 

100 

21.7 

8.40 

125 

20.7 

8.60 

150 

19.3 

8.80 

175 

17.4 

9.05 

200 

15.4 

9.30 

Calculations  (Axial  inject ion/ recovery) 

The  axial  injection  recirculation  is  calculated  in  a  manner  similar 
to  above. 

The  mainstream  metering  loss  (P3  -  P4)  is  the  same  as  for  the 

lateral  injection  configuration  explored  above. 

Similarly,  the  loss  within  the  one  inch  recirculation  loop  is  .0119 
Ql2  as  above. 
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TABLE  2.  SAMPLE  CALCULATION,  AXIAL  INJECTION 


V2CV1 
APp  = 

(P3-P4) 

+  .  0119Q12  +  AP  exp 

4  - 

AP  exp. 

Q2 

Q1 

Q1 

(P3-P4 )  .011901* 

V2 

VI 

Vr 

Pvr 

( . 97Pvr) 

APp 

(GPM) 

(GPM) 

(PSI)  (PSD 

(FT/SEC) 

(FT/SEC) 

(FT/SEC) 

(PSI) 

(PSI) 

(PSI) 

25 

24 

576 

.29  6.85 

4.09 

12.96 

8.87 

.53 

.51 

7.65 

24.5 

24.3 

600.25 

.29  7.14 

4.09 

13.23 

9.14 

.56 

.54 

7.97 

7.90 

Interpolation 
head  of  7.90  : 

on  the 
PSI 

pump  discharge  curve 

yields  a 

recirculation  flow 

rate 

of  24.3  GPM 

at  a 

Q2 

(GPM) 

Q1 

(GPM) 

Q1J 

(P3-P4) 

_LPSI) 

.  0119Q12 
(PSI) 

V2 

(FT/SEC) 

VI 

(FT/SEC) 

vr 

(FT/SEC) 

100 

24 

576 

1.84 

6.85 

16.36 

12.96 

-3.40 

23 

23.3 

529 

1.84 

6.30 

16.36 

12.42 

-3.94 

Interpolation 

yields 

23.3  GPM 

recirculation  flow 

rate  at  8.10 

PSI. 

Pvr  2Pvr  APp 

(PSI)  (PSD  (PSD 

-.08  -.16  8.53 

-.10  -.21  7.93 

8.10 
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However,  in  this  configuration  the  entrance  losses  (and  at  higher 
flow  rates)  the  recovery  obtained  are  not  a  function  of  Ql2  alone, 
and  so  they  cannot  be  combined  with  the  recirculation  loop  losses. 

Both  functions  are  derived  from  the  relative  velocity  pressure 
(Pvr)  calculated  from  the  relative  velocity  (Vr)  which  is  (V1-V2) . 

Again,  the  solution  was  achieved  iteratively  using  the  combined 
losses  and  the  selected  value  of  Ql  to  obtain  a  fit  on  the  pump 
discharge  curve. 

An  example  of  the  calculations  conducted  above  and  below  the  flow 
rate  (79  GPM)  where  Vr  -  0  are  presented  in  Table  2. 

Results  of  calculations  from  Q2  -  0  to  Q2  -  200  GPM  are  presented  in 
Table  3  and  graphically  in  Figure  7. 


TABLE  3. 

CALCULATION  SUMMARY, 

AXIAL  INJECTION 

Q2 

Ql 

A  Pp 

(GPM) 

(GPM) 

(ESI) 

0 

24.0 

8.00 

25 

24.3 

7.90 

50 

24.3 

7.90 

75 

24.0 

8.00 

100 

23.3 

8.10 

125 

23.2 

8.18 

150 

23.3 

8.10 

175 

23.8 

8.05 

200 

24.3 

7.90 
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A  test  fixture  was  created  with  inwardly  facing  tubes  which  were 
adjustable  longitudinally  into  tapered  sections,  upstream  and 
downstream  of  the  mainstream  flowmeter  to  verify  the  theory  and  to 
establish  the  correct  area  ratios  of  mainstream  and  recirculation 
flow.  See  Figure  8. 

These  tests  indicated  that  a  1"  OD  X  .065  Wall  injection  tube 
entering  a  2"  OD  X  .065  Wall  mainstream  tube  provided  very  nearly 
optimum  results. 

This  configuration  was  incorporated  in  the  WRFF  assembly.  See 
Figure  9. 

The  theoretical  benefits  anticipated  were  confirmed  during  system 
calibration.  See  paragraph  5.3.1  and  Figure  19,  Page  55. 

3.3  WRFF  Meter  Design. 

A  layout  was  created  providing  the  smallest  possible  envelope. 
Component  and  assembly  drawings  were  created,  parts  were  fabricated, 
and  the  unit  was  assembled  for  test. 

Considerable  testing  was  conducted  with  poor  results  due  to  an 
incorrect  and  erratic  scale  factor  being  selected  by  the  electronic 
conditioner.  This  was  at  the  time  wrongly  attributed  to  swirl 
induced  by  the  upstream  fluid  injection  or  variations  in  fluid 
profile  at  the  inlet  of  the  meter  under  varying  flow  conditions. 

A  series  of  tests  conducted  with  various  straightening  sections  in 
both  the  main  stream,  and  recirculation  loop,  and  perforated  plate 
in  the  main  stream  to  produce  a  consistent  fluid  profile  to  the 
mainstream  meter  did  not  produced  satisfactory  results. 

It  was  finally  determined  that  during  the  zero  cycle,  cavitation  was 
occurring  in  the  recirculating  loop  suction  line. 
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FIGURE  8.  INJECTION/RECOVERY  EVALUATION  FIXTURE 
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In  this  device  even  minor  cavitation  can  be  of  serious  consequence 
during  the  zero  cycle  since  we  are  continuously  circulating  the 
fluid  through  both  meters,  and  the  relatively  large  outputs  of  the 
two  meters  are  being  subtracted  to  obtain  zero. 

This  initial  configuration  had  the  recirculation  meter  and  the 
circulation  Bhut  off  valve  in  the  pump  suction  line.  This 
configuration  had  been  chosen  in  an  effort  to  create  the  smallest 
most  desirable  package. 

New  hardware  was  fabricated  and  the  recirculation  flowmeter  was 
relocated  downstream  of  the  recirculation  pump  with  some  sacrifice 
in  the  overall  size  of  the  meter. 

A  photograph  of  the  unit  is  presented  as  Figure  10. 

As  reconfigured,  the  unit  produced  repeatable  data.  The 
straightening  added!  earlier  was  evaluated  with  the  new 
conf igurat ion . 

The  optimum  configuration  proved  to  be  with  no  straightening  in 
either  the  mainstream  or  recirculating  lines. 

This  is  not  surprising  since  the  downstream  facing  injection  tube 
provides  symmetrical  insertion  of  the  recirculation  flow  and  is 
reasonably  upstream  of  the  mainstream  meter,  and  the  recirculation 
meter  is  operating  at  very  nearly  constant  flow  conditions. 

The  advantage  of  removing  the  straightening  is  that  the 
recirculation  flow  increased  from  approximately  20.5  GPM  to  24.5  GFM 
providing  a  zero  and  low  flow  operation  in  a  more  desirable  location 
on  the  flowmeter  calibration  curve. 
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The  assembly  drawing  of  the  unit  as  delivered  is  presented  as 
Figure  11. 

The  unit  is  29.3  inches  long,  13.1  inches  deep,  8.7  inches  high,  and 
weighs  82  pounds. 

For  comparative  purposes,  the  unit  delivered  under  Phase  I  was  31 
inches  long,  28  inches  deep,  19.5  inches  high,  and  weighed  148 
pounds . 

Referring  to  Figure  11,  it  should  be  noted  that  the  union,  Item  32 
was  added  during  the  reconfiguration  of  the  system  to  permit 
utilization  of  the  fabricated  pitot  assemblies,  as  a  site  for 
straighteners  during  our  investigation  and  as  a  location  for  a 
pressure  tap  used  during  our  test  program.  Subsequent  units  would 
be  fabricated  without  this  item,  tube  assembly  Item  31,  and  two  sets 
of  nuts  and  sleeves,  by  elongating  Item  14  to  fit  thus  reducing  cost 
and  weight. 

3.4  WRFF  signal  Conditioner  Design. 

The  circuit  design  was  created  and  a  wire  wrap  prototype  board  was 
fabricated. 

Initial  testing  was  conducted  utilizing  signal  generators  to 
simulate  the  flowmeter  input  signals. 

During  early  bench  testing,  the  up/down  counting  technique  being 
used  to  establish  the  system  zero  was  found  to  be  very  time 
consuming. 

The  original  scaling  method  was  replaced  with  the  4  digit  scaler  and 
A  and  B  stream  counters  indicated  in  Figure  2. 
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FIGURE  11.  WRFF  ASSY.  (2  of  2) 
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This  approach  achieves  a  zero  in  10,000  pulses  from  the  B 
(recirculating)  stream  meter,  and  required  only  approximately  20 
seconds. 

Testing  was  conducted  using  an  Anadex  PI-608  frequency  to  DC 
converter.  This  testing  resulted  in  a  revised  pulse  output  circuit 
to  reduce  pulse  to  pulse  jitter. 

System  testing  with  the  flowmeter  revealed  that  the  electronic 
subtracter  network  did  not  have  adequate  range  to  accept  the 
instantaneous  A  to  B  input  ratio  differences  caused  by  phasing 
between  the  two  flowmeters.  The  circuitry  was  revised  to  replace 
the  subtracter  network  with  an  up/down  counter. 

All  changes  were  incorporated,  and  a  printed  circuit  board  assembly 
(PCBA)  and  enclosure  were  created. 

Figure  12  is  a  photograph  of  the  conditioner  front  panel.  Figure  13 
is  a  photograph  of  the  conditioner  rear  panel  indicating  inputs  and 
outputs . 

The  individual  meter  inputs,  amplified  and  doubled  in  frequency  are 
supplied  to  connectors  at  the  rear  of  the  conditioner  enclosure. 
See  Figure  14  for  the  conditioner  assembly  drawing. 

All  final  system  testing  was  conducted  using  the  final  PCBA  version 
of  the  electronics. 
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FIGURE  12.  CONDITIONER  FRONT  PANEL 
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FIGURE  13.  CONDITIONER  REAR  PANEL 


FIGURE  14.  ASSY.,  SIGNAL  CONDITIONER  (2  of  2] 
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The  WRFF  electrical  specifications  are: 

Inputs : 

Power  input:  115  VAC  at  10  watts 
Input  amplifiers  A  and  B  each: 
amplitude:  50  mV  P-P  to  50  VP-P 
shape:  sine  or  square  wave 
frequency:  4  Hz  to  4  kHz 
input  impedance:  minimum  10  K  ohm 

Outputs  A1  and  A2: 

TTL  compatible:  0  to  +5  volts 
50  u  sec  wide 

output  current:  0.015  amp  each  maximum 
frequency:  2  times  corresponding  input  frequency 
Output  Pulse  (A-B) : 

TTL  compatible:  0  to  +5  volts 
output  approximates  a  square  wave 
output  current:  0.015  amp  maximum 
Recirculating  Pump  Control: 

+5  volt  at  0.025  amp  maximum 

output  controlled  by  front  panel  ON-OFF  switch 

3 . 5  System  Uncertainty  Analysis . 

A  system  analysis  was  conducted  over  a  flow  range  of  0.5  to  180  GPM. 
The  possible  errors  evaluated  stem  from  two  sources: 

Errors  caused  by  flowmeter  repeatability 
Errors  caused  by  scaler  zero  variation 

3.5.1  Flowmeter  Repeatability. 

The  analysis  was  conducted  to  determine  the  system  error  that  could 
occur  as  a  result  of  +0.02%  repeatability  in  both  the  main  stream 
and  recirculating  flowmeters. 
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The  recirculation  flow  was  assumed  constant  at  24  GPM  over  the 
system  test  range. 

The  uncertainty  attributable  to  the  mainstream  meter  was  determined 
by  multiplying  the  flow  through  the  meter  at  each  flow  rate  by 
+0.02%.  Since  the  recirculating  meter  is  operating  at  a  constant 
flow  rate  of  24  GPM  its  contribution  is  24  X  .02%,  or  a  constant 
error  of  +.0048  GPM  throughout  the  entire  flow  range. 

The  errors  were  summed,  and  the  system  error  in  %  was  calculated 
based  on  the  system  flow  rate. 

Since  the  error  contributed  by  the  recirculating  flow  meter  becomes 
a  significantly  smaller  percent  of  the  system  error  at  high  flow 
rates  the  error  approaches  that  of  the  mainstream  meter  only. 

See  Table  4  for  results. 

3.5.2  Scaler  Zero  Variation. 

The  calibration  factors  of  the  two  turbine  flow  meters  used  in  the 
WRFF  have  very  close  to  a  .3500  ratio. 

Referring  to  Figure  2  and  signal  conditioner  description  1.2.2 

To  provide  the  best  possible  resolution  in  the  four  digit  scaler 
when  the  meter  ratios  are  .5000  or  less  divider  No.  1  is  in  the 
divide  by  two  position.  This  provides  an  actual  registration  in  the 
scaler  of  .7000.  To  accommodate  the  division  by  two  in  divider  No. 
2  to  present  the  proper  ratio  to  the  subtracter  circuit,  we  will 
present  the  ratio  as  .7000. 

2 
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The  signal  conditioner  processes  the  input  signals  as  follows: 

Fs  -  F2  -  RF1  where  Fs  -  System  output  freg. 

F2  -  2"  meter  freq.  in. 

FI  =  1"  meter  freq.  in. 

R  =  Ratio  =  .7000 

2 

The  recirculation  flow  is  presumed  constant  at  24  GPM. 

The  calibration  factor  of  the  2"  meter  is  474  pulses/gallon. 

During  electronic  zero 
Fs  -  0 

F2  =  474  (24)  =  189.60 
60 

0  «  189.60  -  .7000  FI 

2 

FI  -  541.71  Hz  for  all  system  flow  rates 

To  calculate  the  error  introduced  by  +  .0001  variation  in  the  scaler 
ratio  at  l.o  GPM  mainstream  flow: 

F2  -  474  (25)  *=  197.50  Hz 
60 

Fs  *  197.50  -  .7000  541.71  -  7.9015 

2 

Fs  at  .7001  =  197.50  -  .7001  541.71  »  7.8744 

2  2 

%  Dev  =  f7 .9015  -  7.8744)  100  -  +  .34% 

7.9015 
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TABLE  4.  FLOWMETER  REPEATABILITY  UNCERTAINTY  ANALYSIS 


SYSTEM 
FLOW  RATE 
(GPM) 

MAINSTREAM 
MTR  FLOW 
(GPM) 

MAINSTREAM 
MTR  ERROR 
(GPM) 

CIRCULATION 
MTR  ERROR 
(GPM) 

TOTAL 

ERROR 

(GPM) 

SYSTEM 

ERROR 

(%) 

0.5 

24.5 

+  .0049 

+  .0048 

+  .0097 

+ 

1.94 

1.0 

25.0 

+  .0050 

+  .0048 

+  .0098 

+ 

.98 

1.31 

25.31 

+  .0051 

+  .0048 

+  .0099 

+ 

.76 

2.0 

26.0 

+  .0052 

+  .0048 

+  .0100 

+ 

.50 

4.0 

28.0 

+  .0056 

±  *0048 

+  .0104 

+ 

.26 

8.0 

32.0 

+  .0064 

+  .0048 

+  .0112 

+ 

.14 

15.0 

39.0 

+  .0078 

+  .0048 

+  .0126 

+ 

.084 

30.0 

54.0 

+  .0108 

+  .0048 

+  .0156 

± 

.052 

60.0 

84.0 

+  .0168 

±  .0048 

+  .0216 

+ 

.036 

120.0 

144.0 

±  .0288 

+  .0048 

+  .0336 

+ 

.028 

180.0 

204.0 

+  .0408 

+  .0048 

+  .0456 

+ 

.025 
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The  error  introduced  by  +  .0001  scaler  reading  throughout  the  system 
flow  rate  is  presented  in  Table  5. 


TABLE  5.  ZERO  ERROR  ANALYSIS 


SYSTEM  FLOW  RATE 
GPM 


SYSTEM  ERROR 

_ LU _ 


0.5 

+  .68 

1.0 

±  -34 

1.31 

+  .26 

2.0 

±  *17 

4.0 

+  .09 

8.0 

+  .04 

15.0 

+  .02 

30.0 

+  .01 

60.0 

<  .01 

120.0 

<  .01 

180.0 

<  .01 

It  should  be  noted  that  these  errors  could  be  reduced  by  adding  an 
additional  digit  to  the  scaler  with  proportionally  longer  zeroing 
time. 

The  error  analysis  is  presented  graphically  in  Figure  15. 
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The  inner  solid  deviation  curves  represent  the  errors  which  would 
result  from  +  .02%  flowmeter  repeatability. 

The  outer  dashed  curves  represent  the  added  error  potential  of  a  +  1 
digit  resolution  in  the  electronic  scaler. 

For  this  presentation,  all  possible  sources  of  error  were  considered 
cumulative. 


1.0  1.31  180 

FLOWRATE  (GPM) 


FIGURE  15.  WRFF  UNCERTAINTY  ANALYSIS 
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4  TESTS  PERFORMED 

4 . 1  General . 

All  testing  was  performed  in  accordance  with  Test  Procedure  108935, 
Appendix  A. 

The  procedure  specifies  test  set  ups,  equipment  used,  tests  to.  be 
performed,  flow  rates,  calculations  to  be  performed,  and  method  of 
presenting  results  obtained. 

It  should  be  noted  that  the  system  specification  requires  +  1.0% 
accuracy  over  a  flow  range  of  1.31  to  180  GPM.  Testing  was 
conducted  down  to  0.5  GPM  to  ascertain  system  performance  at  lower 
than  specified  flow  rates. 

Calibration  data  for  flow  rates  from  0.5  GPM  through  4.0  GPM  were 
obtained  using  2.0,  5.0,  and  10.0  gallon,  seraphin  flasks.  A 

start/stop  button  simultaneously  activated  a  solenoid  valve 
controlling  flow  to  the  seraphin  flasks  and  gated  counters 
collecting  system  pulses  and  the  individual  2H  and  1"  meter  pulses. 

A  timer  was  also  gated  by  the  start/stop  button  providing  run  time 
to  better  than  .01  second. 

;  *  *'  w 

Data  for  these  runs  were  recorded  manually  at  the  completion  of  each; 
test  on  data  sheets  provided.  Actual  test  volume  was  adjusted  using 
the  +  neck  reading  of  the  seraphin  flasks  recorded  at  the  completion 
of  each  run. 

Testing  was  conducted  twice  at  each  flow  rate  as  verification  of 
system  repeatability. 

Calibration  data  from  8.0  through  180  GPM  were  obtained  using  a 
Waugh  Controls  Model  700  Microprover,  This  unit  has  a  flow  rate 
range  of  3.0  to  3,000  GPM  and  an  accuracy  of  .02%.  This  unit  with 
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its  micro  processor  controller  provides  gates,  averages  two 
consecutive  test  runs,  and  provides  a  print  out  of  system  meter 
counts,  meter  calibration  factor,  and  test  flow  rate.  The  pulses 
from  the  individual  1"  and  2"  meters  were  gated  by  the  micro 
processor  and  recorded  manually  at  the  end  of  the  test  on  the  data 
sheets  provided. 

4.2  Mainstream  Meter  Calibration. 

The  system  was  installed  in  our  calibration  facility  and  the  system 
was  purged  of  air.  The  mainstream  flow  was  shut  off  downstream  of 
the  meter  and  the  WRFF  conditioner  was  zeroed.  The  recirculation 
pump  was  turned  off  and  the  recirculation  shut  off  valve  was  closed. 
Mainstream  flow  was  initiated,  and  a  prover  calibration  was 
conducted  from  20  to  200  GFM  at  20  GPM  increments. 

4.3  WRFF  System  Calibration. 

The  system  was  purged  of  air  and  the  conditioner  was  zeroed.  A  full 
span  calibration  from  0.5  to  180  GPM  was  conducted.  The  test  stand 
3  HP  pump  was  used  for  flow  rates  from  0.5  GPM  through  60  GPM,  and 
the  40  HP  pump  was  used  for  120  and  180  GPM  test  points*  The  pump 
transition  point  was  selected  to,  as  nearly  as  possible,  maintain  a 
constant  supply  pressure  at  the  WRFF.  The  3  HP  pump  provided  58  psi 
at  0.5  GPM  decaying  to  48  psi  at  60  GPM.  The  40  HP  pump  provided  54 
psi  at  120  GPM,  and  46  psi  at  180  GPM. 

4.4  Low  Pressure  Calibration. 

One  of  the  program  requirements  was  to  determine  the  effects  of 
supply  pressure  variations  on  system  performance. 

The  system  was  purged  and  the  conditioner  was  2eroed.  A  calibration 
was  conducted  from  0.5  to  180  GPM  maintaining  the  pressure  at  the 
WRFF  at  approximately  20  psi  for  all  flow  rates. 
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This  pressure  was  achieved  by  simultaneously  adjusting  the  test 
stand  throttling  valve  downstream  of  the  WRFF  and  a  test  stand  by 
pass  valve  which  returned  pump  discharge  fluid  directly  to  the  test 
stand  reservoir. 

The  20  psi  pressure  was  selected  as  a  result  of  test  facility 
limitations;  at  pressures  somewhat  below  20  psi,  the  Microprover 
piston  would  not  launch  and  travel  downstream. 

4.5  Stability  Verification. 

The  object  of  this  test  was  to  determine  the  time  interval  over 
which  specified  accuracy  can  be  achieved  without  zero  resetting. 

As  a  result  of  the  simplicity  and  short  period  of  time  required  to 
re-zero  the  system  with  the  new  auto-zero  circuitry  incorporated  in 
the  Phase  II  unit  {approximately  20  seconds)  it  was  assumed  that  in 
normal  service  the  system  would  be  re-zeroed  prior  to  each  teat  or 
work  shift. 

With  this  in  mind,  it  was  originally  planned  to  conduct  three 
system  calibrations  over  a  period  of  approximately  eight  hours. 

However,  due  to  longer  than  anticipated  calibration  times,  and  some 
test  stand  malfunctions,  a  much  more  severe  teBt  was  actually 
conducted. 

The  malfunction  referred  to  was  in  the  form  of  "bounce"  in  the  relay 
circuit  used  to  control  the  solenoid  valves  used  for  Seraphin  flask 
calibrations.  Periodically,  the  valve  to  the  seraphin  flask  would 
see  a  double  pulse  and  shut  off  and  then  reopen  resulting  in 
overflow  of  the  flask. 


44 


AEDC-TR-89-6 


The  system  was  zeroed  at  3:30  P.M.  on  1-20-88.  The  test  was  aborted 
after  three  data  points  had  been  obtained  due  to  the  above  mentioned 
malfunction.  Filtering  was  added  to  the  circuiting  in  an  attempt  to 
eliminate  this  problem. 

The  test  was  restarted  at  7:50  A.M.  1-21-88  without  re-zeroing  to: 

1.  Verify  test  stand  performance 

2.  Determine  whether  the  unit  would  perform  satisfactorily 
after  being  idle  overnight 

The  test  was  completed  satisfactorily. 

At  3:55  P.M.  1-21-88,  a  repeat  calibration  was  initiated. 
Recurring  problems  with  the  solenoid  valve  controller  forced 
suspension  of  testing  at  approximately  5:00  P.M. 

The  control  box  providing  gates  to  the  solenoid  valves  and  counters 
was  replaced  with  a  different  unit. 

The  test  started  on  3:55  P.M.  1-21-88  was  resumed  11:00  A.M.  on 
1-22-88.  Testing  was  completed  2:05  P.M.  1-22-88. 

During  the  period  1-20-88  through  1-22-88,  the  system  had  been 
operated  approximately  13  hours  and  forty  five  minutes  and  had  been 
idle  in  the  test  stand  for  two  nights. 

4.6  Transient  Response. 

Tests  were  conducted  to  verify  that  the  transient  response  of  the 
system  was  0.5  seconds  or  less. 

All  transient  tests  utilized  an  Anadex  PI-608  f-DC  converter  driving 
a  Sanborn  Model  60-13 OOB  strip  chart'  recorder.  The  recorder  was 
operated  at  a  chart  speed  of  100  MM/second  to  record  the  transient. 
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4.6.1  Bench  Test. 

Initial  bench  tests  were  performed  using  Anadex  Model  FS-600 
frequency  synthesizers  to  simulate  the  turbine  meter  inputs.  These 
tests  permitted  an  Instantaneous  change  in  input  frequency  to  be 
presented  to  the  unit  under  test. 

Bench  tests  were  conducted  on  the  Anadex  f-DC  converter  only  and  on 
the  WRFF  signal  conditioner  driving  the  converter.  These  tests, 
when  compared  to  the  actual  fluid  calibration  will  indicate  the 
portion  of  the  transient  time  attributable  to  the  WRFF  and  the 
Anadex  f-DC  converter  respectively. 

4.6.2  System  Test. 

The  system  was  purged  of  air  and  the  WRFF  signal  conditioner  was 
zeroed  using  the  test  stand  40  HP  pump. 

The  throttling  valve  was  adjusted  to  produce  1B0  6PM  with  the  eight 
inch  lever  operated  butterfly  isolation  valve  fully  open.  The 
isolation  valve  was  closed  to  produce  20  GPM  flow.  The  amplitude  of 
the  Sanborn  recorder  was  adjusted  to  provide  approximately  80%  chart 
width  deflection  between  these  two  flow  points. 

The  Sanborn  recorder  was  adjusted  to  100  MM/second  and  the  isolation 
valve  was  opened  as  rapidly  as  possible. 

4.7  Airmotor  Pump  Evaluation. 

An  airmotor  driven  pump  was  evaluated  for  possible  use  in  the  WRFF 
for  operation  in  hazardous  areas. 

The  pump  evaluated  has  the  same  316  stainless  steel  SC  100  Price 
pump  head  and  is  driven  by  a  Gast  Model  2  AM-NCC-43A  air  motor. 

The  unit  requires  approximately  12  SCFM  at  65  psi  for  use  in  the 
WRFF  application. 
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The  air  motor  is  considerably  smaller  and  lighter  than  the  1/4  HP 
electric  motor  used,  but  it  doeB  of  course  require  a  wall  regulated 
source  of  clean  dry  air.  A  drip  oiler  is  required  at  the  air 
pressure  inlet  port.  Since  the  injected  oil  is  discharged  with  the 
air  at  the  outlet  muffler,  operation  tends  to  get  a  little  messy. 

The  electric  motor  driven  pump  was  removed  from  the  system,  and  the 
air  motor  drive  pump  was  installed. 

Since  earlier  experience  with  this  unit  had  indicated  that  the 
airmotor  took  some  time  to  stabilize,  (RPM  and  flow  increase  with 
constant  air  pressure)  the  system  was  operated  for  one  half  hour 
prior  to  zeroing  the  system. 

The  system  mainstream  flow  was  shut  off  and  the  airmotor  air  supply 
was  adjusted  to  provide  24  to  25  GPM  recirculation  flow  as  indicated 
by  the  recirculation  flowmeter  to  simulate  conditions  produced  by 
the  electric  motor  pump. 

It  was  observed  that  the  air  pressure  required  to  achieve  the 
recirculation  rate  desired  was  82  psi  which  was  considered  extremely 
high  based  on  previous  testing. 

The  system  was  zeroed,  and  a  calibration  was  started.  Because  of 
our  concern  with  the  high  air  pressure  required,  a  running  check  of 
the  recirculation  flow  was  made. 

The  recirculation  flow  increased  approximately  10%  and  then  appeared 
to  stabilize.  At  this  point  in  time,  the  airmotor  had  been 
operating  approximately  one  hour  including  the  preliminary  half  hour 
"warm  up". 

The  test  was  aborted  and  the  unit  was  returned  to  the  zero  flow 
condition.  The  air  pressure  was  readjusted,  and  65  psi  produced  the 
desired  24  GPM  recirculation  flow. 
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The  unit  was  re-zeroed  and  a  complete  calibration  was  performed. 

The  air  pressure  was  recorded  at  each  flow  rate,  but  was 
adjusted  during  the  test. 


not 
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5  TEST  RESULTS 

5 . 1  General . 

All  results  obtained  are  presented  in  graphic  form. 

Test  numbers  were  assigned  to  all  tests  conducted,  and  all  data 
sheets,  calculation  sheets,  and  graphs  are  identified. 

Table  6  presents  a  summary  of  tests  conducted. 

Supporting  test  data  and  calculation  sheets  used  to  create  the 
curves  are  presented  in  test  number  sequence  in  Appendix  B. 

It  will  be  noted  by  those  familiar  with  turbine  flowmeter 
calibrations  that  the  data  for  the  individual  calibration  curves  is 
presented  in  a  slightly  unorthodox  manner. 

Normally,  the  test  data  would  be  reduced  to  obtain  a  mean 
calibration  factor,  and  the  percent  deviation  would  be  calculated  as 
equal  plus/minus  deviations  about  the  mean  factor  presented.  This 
provides  the  user  the  most  meaningful  information  for  his  purposes, 
but  it  suffers  from  some  shortcomings  in  a  development  program  of 
this  nature. 

Presenting  mean  calibration  factors  and  +  deviations  results  in  an 
accurate  portrayal  of  the  meter  tested  during  a  specific  test,  but 
it  does  not  provide  graphic  evidence  of  variations  from  test  to 
test.  In  addition,  variations  in  underrange  data  obtained  can 
greatly  influence  the  curve  and  introduce  errors  within  the 
specified  operating  range.. 

For  these  reasons,  it  was  decided  before  testing  started  that 
deviations  would  be  calculated  from  the  calibration  obtained  at  the 
maximum  flow  rate  of  the  system.  In  addition,  all  system 
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TABLE  6  SUMMARY  OF  TESTS  PERFORMED 


Testa  prior  to  88-9  invalid  because  of  configuration  changes  to  the  WRFF. 
Straightening  tube  bundles  were  removed  and  recirculation  flow  rate  was 
increased  from  approximately  20  GPM  to  24.5  GFM. 


TEST  KO. 

TEST  DATE 

DESCRIPTION 

COMMENTS 

LOCATION 

-  PAGE 

88-9 

1-14-88 

Mainstream  Meter  Calibration 

84 

54 

51 

73 

88-10 

1-18-88 

Sys.  Calibration  -  low  flow 

89 

52 

51 

72 

88-11 

1-18-88 

Sys.  Calibration  -  high  flow 

90 

52 

51 

72 

1-19-88 

Transient  Response 

64 

56 

74 

88-12 

1-19-88 

Low  Press.  Calib.  -  low  flow 

94 

57 

56 

72 

8B-13 

1-19-88 

Low  Press,  calib.  -  high  flow 

95 

57 

56 

72 

88-14 

1-19-88 

Void-inspection  revealed 

88-15 

1-19-88 

Contaminant  in  lfl  meter 

88-16 

88-17 

1-20-88 

1-21-88 

Stability  Calib.  -  low  flow 

Void-test  stand  relay 
malfunction 

99 

56 

56 

73 

88-18 

1-21-88 

Stability  calib.  -  high  flow 

100 

58 

56 

73 

88-19 

1-22-88 

Stability  Calib.  -  low  flow 

104 

59 

56 

73 

88-20 

1-22-88 

Stability  Calib.  -  high  flow 

105 

59 

56 

73 

88-21 

1-25-88 

Void-airmotor  speed  drift 

88-22 

1-25-88 

Airmotor  sys.  Calib.  -  low  flow 

109 

65 

62 

74 

88-23 

1-25-8S 

Airmotor  Sys.  Calib.  -  high  flow 

110 

65 

62 

74 
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calibration  deviations  were  calculated  using  the  180  GPM  calibration 
(474.72  pulse/gallon)  of  the  original  system  calibration  (Figure  16) 
as  0%  deviation.  In  this  way,  deviations  from  test  to  test  are 
graphically  apparent  at  both  the  maximum  and  minimum  flow  rates. 

A  conventional,  composite,  calibration  curve  of  all  system  tests 
conducted  is  presented  as  Figure  17.  This  curve  was  derived  from 
all  of  the  data  obtained  within  the  specified  operating  range  of  the 
system.  The  data  was  reduced  to  obtain  the  mean  calibration  ("K") 
factor  and  indicates  a  maximum  deviation  of  +0.55%  over  a  range  of 
1.31  to  180  GPM. 

5.2  Mainstream  Meter  Calibration.  (Test  No.  B8-9) . 

The  calibration  curve  obtained  on  the  mainstream  meter  with  the 
recirculation  flow  shut  off  is  presented  as  Figure  18. 

The  system  was  linear  within  0.33%  from  20  to  200  GPM. 

As  anticipated,  the  recirculating  flow  meter  output  was  zero  for  all 
flow  rates,  and  the  system  and  mainstream  meter  outputs  were 
identical. 


5.3  WRFF  System  Calibration.  (Test  No.  88-10  &  -11) 

The  initial  system  calibration  is  presented  as  Figure  16.  The 
maximum  total  deviation  over  the  operating  range  is  approximately 
0.7%. 


5.3.1  Recirculation  Flow  Rate 

The  data  pertaining  to  the  recirculation  flow  rate  was  extracted 
from  the  initial  system  calibration  data  sheets  (pages  89  and  90) , 
and  the  recirculation  flow  was  calculated  and  plotted  over  a  system 
flow  rate  range  of  0.5  to  180  GPM.  See  Figure  19. 
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FIGURE  16.  INITIAL  SYSTEM  CALIBRATION 
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FIGURE  17.  COMPOSITE  CALIBRATION  CURVE 
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FIGURE  18.  MAINSTREAM  METER  CALIBRATION 
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FIGURE  19.  RECIRCULATION  FLOW  RATE 
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It  is  interesting  to  observe  that  the  actual  recirculation  flow 
rates  achieved  are  constant  over  a  system  flow  rate  of  0.5  to  10 
GPM.  This  is  the  critical  operating  range  of  the  WRFF  as  it  is  the 
range  in  which  the  recirculation  meter  non-repeatability  or 
linearity  produce  substantial  system  errors  which  become 
Insignificant  at  higher  flow  rates. 

The  injection  and  recovery  means  employed  have  actually  induced  a 
slight  recirculation  flow  rate  increase  at  higher  system  flows. 

5.4  Low  Pressure  Calibration.  (Test  No.  68-12  &  -13) 

The  calibration  curve  obtained  with  a  constant  20  psi  syntem 
pressure  is  presented  as  Figure  20.  The  maximum  total  diviation 
over  the  operating  range  is  approximately  0.5%. 

5.5  Stability  Verification.  (Test  No.  88-17  through  88-20) 
The  first  calibration  conducted  to  verify  long  term  stability  is 
presented  as  Figure  21.  At  the  time  this  calibration  was  completed, 
the  system  had  been  in  operation  for  a  period  of  approximately  9 
hours  and  30  minutes,  and  had  been  sitting  idle  in  the  test  stand 
overnight  since  it  had  been  zeroed  at  3:30  P.M.  on  1-20-88.  At  this 
time,  the  maximum  total  diviation  over  the  flow  range  of  1.3  to  180 
GPM  was  approximately  0.7%. 

The  final  stability  calibration  is  presented  as  Figure  22 .  At  this 
time  the  system  had  accumulated  approximately  13  hours  and  forty 
five  minutes  and  had  been  idle  twice  overnight  since  it  was 
originally  zeroed. 

5.6  Transient  Response. 

Figure  23  presents  the  results  of  bench  tests  conducted  on  the  WRFF 
electronics  and  an  Anadex  f-DC  converter  indicating  the  WRFF 
electronics  by  itself  has  a  virtually  zero  time  constant. 

The  tests  were  conducted  using  Anadex  Model  FS-600  Frequency 
Synthesizers  driving  the  Anadex  converter  or  the  WRFF  electronics. 
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FIGURE  20.  LOW  PRESSURE  CALIBRATION 
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HIDE  RANGE  FUEL  FLOWMETER 


SYSTEM  CALIBRATION 
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The  Anadex  output  was  recorded  on  a  Sanborn  Model  60-13 00B  Btrip 
chart  recorder  at  a  paper  speed  of  100  MM  per  second. 

The  chart  of  Figure  23A  presents  the  output  of  the  Anadex  converter 
alone,  while  the  chart  of  Figure  23B  indicates  the  transient 
response  output  of  the  Anadex  converter  driven  by  the  WRFF 
electronics  subjected  to  an  instantaneous  frequency  change. 

The  transients  were  created  by  flipping  a  toggle  switch  to  switch 
input  frequencies,  and  no  significance  can  be  attributed  to  the 
spacing  of  the  transients  shown. 

These  tests  were  conducted  using  range  5  of  the  Anadex  converter  set 
for  a  full  scale  frequency  of  1,600  Hz. 

All  tests  were  conducted  with  worst  possible  conditions  for  ripple 
and  to  achieve  the  best  possible  transient  response?  WRFF  "  *  1"  and 
Anadex  "High”  transient  response  setting. 

Some  explanation  of  the  functioning  of  the  WRFF  electronics  is 
required  for  clearer  understanding  of  the  frequencies  used  in  these 
tests. 

The  frequencies  in  all  cases  were  selected  as  typical  of  those 
observed  during  system  testing. 

Thus,  the  frequencies  of  1422  and  158  Hz  at  180  and  20  GPM  of  chart 
Figure  23A  are  representative  of  the  WRFF  system  output  with  a 
calibration  factor  of  474  pulses/ gallon. 
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The  WRFF  electronics  operates  by  subtracting  the  recirculating  flow 
from  the  flow  seen  by  the  mainstream  meter.  To  compensate  for  the 
different  calibration  factors  of  the  two  flowmeters,  a  four  digit 
"scaler"  is  selected  during  the  zero  cycle  and  is  applied  to  the 
recirculating  meter  output.  This  scaler  is  merely  the  ratio  of  the 
meter  outputs  at  a  given  flow  rate,  and  a  typical  value  is  .3459. 
Thus:  fs  «  f  2-R  (fl) 

Where  fs  =  system  frequency  output 

f2  =  frequency  of  the  mainstream  (2")  meter 
fl  =  frequency  of  the  recirculating  (1")  meter 
R  <=  scaler  =  f2  ■  .3459 

fl 

The  input  frequencies  to  be  applied  to  the  WRFF  electronics  for  the 
test  of  Figure  23B  were  determined  as  follows: 

Referring  to  Figure  23 B  at  20  GPM: 
f 2  input  is  to  be  determined 
fs  output  is  158  H2 

fl  *=  482  Hz  (typical  of  21.1  GPM  recirculation) 

R  -=  .3459 

fs  =  f2  -  R(f  1) 

f2  “  fs  +  R(f 1)  -  158  +  .3459  (482)  =  324.7  Hz 

At  180  GPM: 

fs  =  1422  Hz 

f2  =  1422  +  .3459  (482)  =  1588.7  Hz 
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It  can  be  seen  that  the  outputs  created  by  the  WRFF  conditioner 
from  the  two  flowmeter  inputs  are  exactly  the  same  as  provided  by 
the  single  signal  generater  in  Figure  23A  after  proper  subtraction 
of  the  recirculation  flow  signal. 

Figure  24  presents  the  results  of  an  actual  system  hydraulic 
transient  test. 

The  response  time  of  the  system  to  63%  of  the  step  change  provided 
is  approximately  100  milliseconds.  This  includes  the  time  required 
to  manually  open  the  butterfly  valve  and  overcome  the  fluid  inertia 
of  the  test  facility,  and  the  time  constant  of  the  Anadex  frequency 
to  DC  converter. 

5.7  Aimotor  Pump  Evaluation.  (Test  No.  88-22  &  -23) 

The  results  of  a  system  calibration  using  a  Gast  airmotor  driven 
pump  to  provide  recirculation  flow  are  presented  as  Figure  25.  The 
deviation  of  the  airmotor  driven  system  over  a  flow  range  of  1.3  to 
180  GPM  was  approximately  0.75%. 
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FIGURE  24.  TRANSIENT  RESPONSE,  SYSTEM  TEST 
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6 .  CONCLUSIONS 

The  WRFF  Contract  Statement  of  Work  called  out  certain  specific 
performance  requirements,  design  objectives,  and  tests  to  be  per¬ 
formed. 

These  requirements  were  all  satisfied  as  indicated  below. 

6.1  Performance  Requirements 

6.1.1  Flow  Range  and  Accuracy 

The  WRFF  was  to  be  capable  of  measuring  the  flow  rate  of  aviation 
fuels  over  a  flow  range  of  140  to  1  (1.31  to  183  GPM)  with  a  1.0%  or 
better  measurement  uncertainty. 

The  composite  calibration  curve  (Figure  17,  page  53)  covering  all 
system  tests  conducted  with  the  electric  motor  driven  pump  indicate 
that  the  unit  is  capable  of  providing  flow  measurement  with  an 
accuracy  of  +  0.55%  over  the  flow  range  of  1.31  to  183  GPM. 

It  should  be  noted  that  the  testing  conducted  during  this  period 
represents  approximately  24  hours  and  15  minutes  including  one 
period  (stability  tests  No.  88-17  through  88-20)  during  which  the 
system  accumulated  approximately  13  hours  and  45  minutes  and  had 
been  idle  twice  overnight  since  it  was  originally  zeroed  verifying 
good  long  term  system  stability. 

6.1.2  Transient  Response. 

The  statement  of  work  specified  that  the  system  must  be  capable  of 
measuring  flow  transients  with  a  response  time  of  0.5  seconds  or 
less. 

As  indicated  in  Figure  24,  page  64,  the  time  constant  of  the  system 
(including  the  response  of  an  Anadex  PI-608  f-DC  converter  used  to 
drive  the  Sanborn  strip  chart  recorder  and  the  time  required  to  open 
an  8  inch  manual  butterfly  valve)  proved  to  be  approximately  100 
msec  with  a  step  change  in  flow  rate  from  20  to  180  GPM. 
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6.2  Design  Objectives. 

The  design  objective  of  the  Phase  II  program  was  to  bring  the  system 
produced  in  the  SBIR  Phase  I  effort  into  a  more  producible  form,  as 
follows: 


6.2.1  Mechanical 

(1)  Package  the  meter  as  small  as  practical. 

The  unit  was  repackaged  as  indicated  in  Figure  10,  page  27. 
The  resulting  unit  is  29.3  inches  long,  13.1  inches  deep, 
8.7  inches  high,  and  weighs  82  pounds. 

This  represents  a  considerable  reduction  over  the  unit 
delivered  under  Phase  I  which  was  31  inches  long,  28  inches 
deep,  19.5  inches  high,  and  weighed  148  pounds. 

(2)  Replace  the  recirculation  pump  with  a  smaller,  more 
reliable  unit  compatible  with  jet  fuels. 

The  price  centrifugal  pump  selected  is  of  all  stainless 
steel  construction.  This  unit  is  the  smallest  unit  that 
will  provide  the  recirculation  flow  required,  and  should 
prove  extremely  reliable. 

(3)  Investigate  further  the  availability  of  a  suitable  metering 
pump  to  replace  the  recirculation  flow  meter. 

As  indicated  in  paragraph  3.1,  page  12,  manufacturers  of 
plunger,  vane,  and  gear  type  metering  pumps  were  contacted. 

The  combination  of  a  centrifugal  pump  and  recirculation 
flow  meter  proved  to  be  superior  to  a  metering  pump  in 
cost,  size,  weight  and  perceived  reliability. 
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(4)  Provide  means  to  disable  the  recirculating  flow  when  not 
operating  in  the  low  flow  range. 

A  shut  off  valve,  item  9,  of  Figure  11,  page  29  was 
incorporated  to  provide  a  means  of  shutting  off  the 
recirculation  flow. 

The  conditioner  was  zeroed,  and  the  system  was  calibrated 
without  recirculating  flow.  The  calibration  curve  obtained 
is  presented  as  Figure  18,  page  54. 

The  calibration  factor  (474.66  Pulses/Gallon)  obtained  at 
200  GPM  is  within  .013*  of  that  obtained  for  the  initial 
system  calibration  presented  as  Figure  16,  page  52, 

The  unit  was  linear  within  0.33%  from  200  GPM  to  20  GPM. 

(5)  Investigate  the  advantages/disadvantages  of  an  air-driven 
pump. 

The  air  motor  driven  pump  proved  to  be  an  acceptable 
alternative  for  use  in  hazardous  areas.  The  motor  took 
from  one  half  to  one  hour  to  stabilize  at  a  given  air 
pressure.  Once  stabilized  however  the  system  provides  a 
calibration  with  a  maximum  excursion  of  0.9*  from  1.31  to 
180  GPM  (Figure  25,  page  65). 

(6)  Investigate  the  effects  of  supply  pressure  variations. 

A  system  calibration  was  performed  over  a  flow  range  of  0.5 
to  180  GPM  maintaining  the  pressure  at  the  WRFF  at 
approximately  20  psi  for  all  flow  rates.  See  Figure  20, 
page  57  for  results. 
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The  calibration  factor  (474.62  Pulses/Gallon)  at  180  GPM  is 
within  .02%  of  that  obtained  for  the  initial  By stem 
calibration  of  Figure  16,  page  52. 

The  calibration  curve  from  2.0  to  180  GPM  exhibited  only 
approximately  0.35%  non  linearity  and  was  very  similar  to 
the  initial  system  calibration  from  approximately  2.0  to 
180  GPM. 

Under  range  data  obtained  at  0.5  and  1.0  GPM  indicate 
better  performance  than  obtained  on  the  initial  system 
calibration;  however,  as  indicated  in  Figure  15,  page  41, 
data  at  these  extreme  flow  rates  is  subject  to  considerable 
uncertainty,  and  the  difference  may  more  logically  be 
attributed  to  small  variations  in  flow  meter  repeatability 
or  zeroing  than  line  pressure  variations. 

6.2.2  Electronic 

(1)  Repackage  the  electronic  equipment  into  a  more  compact  size 
suitable  for  rack  or  panel  mounting. 

The  WRFF  electronic  conditioner  has  been  repackaged  in  a 
standard  19  x  3.5  inch  rack  configuration  (Figure  12,  page 
32). 

(2)  Provide  direct  pulse  outputs  from  each  meter. 

Figure  13,  page  33,  presents  the  conditioner  rear  panel 
configuration  indicating  the  individual  A  and  B  flow  meter 
output  connectors. 

The  output  signals  provided  are  TTL  compatible  0  to  +5  volt 
50  M  second  wide  pulses  at  twice  the  flow  meter  input 
frequency. 
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APPENDIX  A 


TEST  PROCEDURE 
HIDE  RANGE  FUEL  FLOWMETER 
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TEST  PROCEDURE 

WIDE  RANGE  FUEL  FLOWMETER 


1.0  SYSTEM  PURGE  6  ZERO 

1.1  System,  Purge 

Open  test  stand  valves  and  flood  system.  Open  Butterball  valve 
and  turn  on  WRFF  recirculating  pump.  Turn  on  test  stand  3HP 
pump  and  establish  approximately  60  GPM.  Bleed  all  air  from 
prover  and  test  stand. 

1.2  WRFF  Zero 

Close  isolation  valve  downstream  of  WRFF  to  eliminate  mainstream 
flow.  Press  "calibrate"  push  button  on  WRFF  electronics  to 
zero. 

2.0  WRFF  CALIBRATION 

Perform  calibration  from  0.5  to  180  GPM  mainstream  flow  rate, 
recording  all  data  indicated  on  calibration  data  sheets  1  A  2. 

Flow  rates  0.5  through  60  GPM  to  be  run  using  3HP  pump.  120  & 
180  GPM  to  be  conducted  using  40  HP  pump. 

Calculate  %  deviation  as  indicated  on  "Calculation  Sheet  -  t 
Deviation". 

3.0  WRFF  LOW  PRESSURE  CALIBRATION 

Conduct  calibration  from  0.5  to  180  GPM  mainstream  flow  rate 
using  3  KP  pump  for  flow  rates  0.5  through  60  GPM  and  40  HP 
pump  for  120  and  180  GPM.  Adjust  stand  by-pass  valve  to 
obtain  approximately  20  PSI  at  WRFF  at  each  flow  rate. 

Record  all  data  indicated  on  calibration  data  sheets  162. 

Calculate  t  deviation. 

Note:  For  this  test  calculate  %  deviation  using  K  (180)  from 
2.0  as  zero  deviation. 

Upon  completion  of  this  test  establish  approximately  100  GPM 
mainstream  flow  using  3  HP  pump  and  let  run. 


Date  12/01/87 

REV.  1/8/88 


72 


106935  Page 


1  of  11 


TEST  PROCEDURE 

WIDE  RANGE  FUEL  FLOWMETER 
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4.0  STABILITY  VERIFICATION 

4.1  Four  Hours 

Four  hours  after  performing  the  calibration  of  2.0  above,  repeat 
calibration. 

Calculate  t  deviation. 

Note:  For  this  test  calculate  %  deviation  ueing  K  (180)  from 
2.0  as  aero  deviation. 

Upon  completion  of  this  test  establish  approximately  loo  GPM 
mainstream  flow  using  3  HP  pump  and  let  run. 

4.2  Seven  Hours 

Seven  hours  after  performing  the  calibration  of  2.0  above, 
repeat  4.1. 

Shut  down  system. 

5.0  MAINSTREAM  METER  CALIBRATION 

5.1  Purge  &  Zero  per  1.0 

5.2  Turn  off  WRFF  recirculating  pump  and  close  Butterball  valve. 

5.3  Conduct  calibration  from  20  to  200  GPM  recording  all  data 
indicated  on  data  sheet  3. 


Flow  rates  20  through  100  GPM  to  be  run  with  3  HP  pump.  120 
through  200  GPM  to  be  run  using  40  HP  pump. 

Calculate  %  deviation  as  indicated  on  data  sheet. 

Note:  For  this  test  PI  will  be  zero  or  essentially  zero.  P2 
will  equal  PS. 


Date  12/01/87 

REV.  1/8/88 
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TEST  PROCEDURE 

HIDE  RANGE  FUEL  FLOWMETER 


6.0  TRANSIENT  RESPONSE 


Connect  output  of  WRFF  electronics  to  Anadex  Model  PI-608  AC/DC 
converter.  Connect  output  of  converter  to  Sanborn  Model 
60-1300B  strip  chart  recorder. 

Purge  &  Zero  system  per  1.0 

Using  40  KP  pump,  adjust  throttling  valve  to  produce  180  GPM 
with  isolation  valve  fully  open.  Close  isolation  valve  to 
produce  20  GPM  flow. 

Adjust  amplitude  of  Sanborn  to  provide  approximately  80%  of 
chart  width  between  these  two  points. 

With  isolation  valve  adjusted  to  20  GPM,  start  Sanborn  recorder 
at  lOOMM/Second  paper  speed. 

Open  isolation  valve  fully  as  rapidly  as  possible. 

7.0  AIRMOTOR  PUMP  EVALUATION 

Replace  electric  motor  pump  with  Gast  Air  Motor  driven  pump. 

Purge  system  per  1.1.  Adjust  air  pressure  to  provide  24  to  25 
GPM  recirculating  flow.  Run  air  motor  for  one  half  hour  to 
stabilize.  Record  air  pressure  supplied  to  motor. 

Zero  per  1.2. 

Calibrate  per  2.0. 


Date  12/01/87 

REV.  1/8/88 
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TEST  PROCEDURE 

WIDE  RANGE  FUEL  FLOWMETER 


WIDE  RANGE  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  NO.  1 
SERAPH IN  FLASK  CALIBRATION 


DATE: 


TIME -START: 


AMB.  TEMP.  START: 


STOP:  STOP: 

TEST  NO: 

RECORDED  DATA 


SYS. 

PRESS 

(PSD 

NOM  FLOW 
RATE  (GPM) 

TIME 

(SEC) 

im a 

i" 

SYS 

.5 

1.9982 

.5 

1.9982 

"  r1" 

1.0 

5.0003 

1.0 

5.0003 

2.0 

pran-i 

■■■■ 

WmmtmM 

mmmi^^m 

mmmmm 

2.0 

PBEB33 

HH3HI 

mm 

■ 

4.0 

9.9955 

4.0 

9.9955 

CALCULATED 


F22BE23BHH 

TEST  VOLUME 
(GAL) 

Kim 
wBHTTm  I'l  v ;  imM 

K-FACTOR 

(PULSES/GAL) 

.5 

■hsnkim 

kiqhhhh 

mhemmbbhw 

■ebJMhhhbh 

DATA  BY:_ 
APPROVED: 


Dat«  12/02/67 


108935  Pag*  4  of  11 
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TEST  PROCEDURE 

HIDE  RANGE  FUEL  FLOWMETER 


HIDE  RANGE  FUEL  FLOWMETER  ' 
CALIBRATION  DATA  SHEET  NO.  2 
PROVEN  CALIBRATION 
DATE! _ 


TIME  -  START: 


AMB.  TEMP.  START: 


STOP: 


STOP! 


TEST  NO. ! _ 

PROVEN  VOLUME: _  GALLONS 

RECORDED  DATA 


(C)  TEST  FLOW  RATE  (GFM)  ,  Pa,  A  X  FACTOR-1010  COMPUTER  PRINT  OUT 


NON.  FLOW 
RATE  (GPM) 

PULSE 

S 

HATER 

SYS.  PRESS 
(PSIJ 

CALCULATED 

TIXE(SEC.) 

2" 

l" 

TEMP.  (•  F] 

_ 8 

- 

15 

_ 30 

60 

120 

1B0 

NOTES: 


DATA  BY:_ 
APPROVED: 


Data  12/01/87  108935  Page  5  of  11 

REV1-8-83  (1)  DELETED-T3 ME < SEC ) 

(2)  ADDED  CALC.  TIME 
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TEST  PROCEDURE 

HIDE  RANGE  FUEL  FLOWMETER 


HIDE  RANGE  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  NO.  3 
MAINSTREAM  METER  CALIBRATION 


DATE: _ 

TIME  -  START: _  AMB.  TEMP.  -  START; 

STOP:  _  -  STOP: 

TEST  HO.: 


PROVER  TEST  VOLUME  - 
(£)  TEST  FLOW  RATE (GPM) , 


_  GAL. 

Ps,  6  "K"  FACTOR-1010  COMPUTER  PRINT  OUT 


NOM.  FLOW 
RATE  (REF) 

L~  PULSES 

WATER  TEMP. 

•f 

K  FACTOR 
( PULSES /GAL) 

CALC 
%  DEV. 

CALCULATED 
TIME (SEC. ) 

2“ 

1" 

_ 20 

_  40 

_fiO. 

80 

100 

120 

140 

160 

180 

-200 

-n- 

t  DEV.  - 

[k  -x  1  , 

L  (TEST)  (200>J  x  100 

(200) 


NOTES: 


BY: _ 

APPROVED: 


108935  Page  6  of  11 


Date  12/01/87 

REV1-8-B8  (1)  DELETED- TIME (SEC) 
(2)  ADDED  CALC.  TIME 
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TEST  PROCEDURE 

WIDE  RANGE  FUEL  FLOWMETER 


WIDE  RANGE  FUEL  FLOWMETER 
CALCULATION  SHEET  -  %  DEVIATION 


DATE: _ 

TEST  NO.: 


NOM.  FLOW 

PATE  (REF) 

TEST  FLOW 

RATE  (GPM) 

X  FACTOR 
(PULSES/GAL) 

%  DEV. 

_ _ 

.5 

1.0 

1.0 

i.6 

2.0 

4.0 

4.0 

8J 

15.0 

30.0 

60.0 

120.0 

180.0 

- =5= - 

%  DEV. 
%  DEV. 


CALCULATED  AS  FOLLOWS: 


E 


-  K 

(TEST) _ (IBP  GPM 


1 


X  IPO 


(180  GPM) 


BY: _ 

APPROVED: 


Date  12/01/87 
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TEST  PROCEDURE 

WIDE  RANGE  FUEL  FLOWMETER 


WIDE  RANGE  FUEL  FLOWMETER 
TEST  EQUIPMENT  LIST 


MANUFACTURER 

DESCRIPTION 

MODEL  NO. 

S/N 

ANADEX 

F-DC  CONVERTER 

PI-608 

DIGITAL  EQUIPMENT 

PRINTER 

DECWRITER  II 

SANBORN 

STRIP  CHART  RECORDER 

60-1300  B 

239 

SERAPHIN 

10  GALLON  VESSEL 

5  GALLON  VESSEL 

2  GALLON  VESSEL 

M 

M 

M 

17118 

14260 

14836 

WAUGH  CONTROLS 

MXCROPROVER 

PROVING  COMPUTER 
PROVER  COUNTER 
MINICOUNTER 
PRE-AMPLIFIER 

700-08-15 

1010 

670-1 

427 

A-ll 

10092 

Data  12/01/87 


108935  Page  8  of  11 
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TEST  PROCEDURE 

WIDE  RANGE  FUEL  FLOWMETER 


DATE  12/01/87  108935  PAGE  10  of  11 


l 


<D 

<b 


TEST  PROCEDURE 

WIDE  RANGE  FUEL  FLOWMETER 


DATE  12/01/87 


WIDE  RANGE  FUEL  FLOWMETER 


TEST  PROCEDURE 

WIDE  RANGE  FUEL  FLOWMETER 


SYSTEM  CALIBRATION 

DATE: _ 

TEST  NO: 


o 


FLOW  RATE 

(GALLONS  PER  MINUTE) 


AEDC-TR  89-6 
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APPENDIX  B 


TEST  DATA  AND  CALCULATIONS 
WIDE  RANGE  FUEL  FLOWMETER 
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WIDE  RANGE  PDSL  FLOWMETER 
CALIBRATION  DATA  SHEET  NO*  3 
MAINSTREAM  METER  CALIBRATION 


DATE : 


TIME  -  START;  3 '.4-0 
stop:  A ; 

TEST  WO.  I  88  ‘  9 


AMB.  TEMP.  -  START;  7 8  *F 
-  BTOPl_7,^y 


PROVER  TEST  VOLDME  -  24-.  “?Z4- 


GAL. 


({)  TEST  FLOW  RATE  (GPM)  , 


Re,  S  "X”  FACTOR-IOIO  COMPUTER  PRINT  OUT 


(A 


NOM.  FLOW 
RATE  (REF) 


IW-gr 


[WATER  TEMP, 

"F 


X  FACTOR 
(PULSES /GAL) 


CALC 
♦  DEV. 


CALCULATED 

TIME (SEC.) 


_JS_ 


tns± 


oe 


7*7. 


3 


4-75 .  n 


9 


61 .  SSt 


AP_ 


JZ3M 


o  o 


ifeMfc 


SSL 


60 


100 


± 


WSJ- 


J1 


lJ Z2 


It  Jf§ 


77 

77 

~7fr 


tjr-15 


-L±Oi4. 


120 


o  o 


140 


1 1  °7 

t-  .  p.3 


160 


180 


XL 


oo 


M= 


+-  ot 


± 


4-0  0 


7-4T3 


-200- 


J17 


_Lz_ 


t  DEV 


■■c 


x  -x 

fTESTj^  f200U  X  100 

(200) 


■1 


notes; 


BY  I  4ty.  [4  Ja46 

APPROVED:. 


'  Date  12/01/67  108635  Page  S  Of  11 

REV1-8-88  (1)  DELETED-TIME(SEC) 

(2)  ADDED  CALC.  TIME 

FIGURE  B.l.  MAINSTREAM  METER  CALIBRATION.  (1  of  4) 
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**************************  TURBINE  METER  TEST  REPORT  ***************111******: 
14  JAN  SB  15:40 

KfcTER  IDS  URFF  DATA  BYJ  _ 

TT5f  mo.  flS-9  Pfi<*e  1  or  3 

*******************************  CALIBRATION  DATA  ************************** 


METER  DATA 

COUNTS  - 

METER  FACTOR  -- 
NEW  METER  FACTOR: 


RUN 

2 

11724.91 

474.60229 

474.66113 


RUN 

1 

11727.81 

474.71972 


PROVER  DATA 

FLOW  RATE  198.88  198. B4 


*7,  fcetf-v©- 


METER  DATA 

COUNTS  - 

METER  FACTOR  -- 
NEW  METER  FACTOR: 


RUN 

2 

1172B.12 

474.73217 

474.71972 


RUN 

1 

11727.50 

474.70727 


+  .0  i 


7. 


PROVER  DATA 

FLOW  RATE  180.60  180.74 


RUN  RUN 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEW  METER  FACTOR! 


2 

11732.20 

474.89746 

474.86621 


1 

11 730-166 
474.83496 


PROVER  DATA 

FLOW  RATE  158.28  158.76 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEW  METER  FACTOR i 


RUN- 

2 

11730.97 

474.84765 

474.79809 


RUN 

1 

11728.52 

474.74853 


+  .  o  3  7. 


PROVER  DATA 

FLOU  RAfE  157.81  158.24 


RUN 

METER  DATA  2 


COUNTS  -  11734.89 

METER  FACTOR  —  475.00634 


NEU  METER  FACTOR!  474.99658 


RUN 

1 

11734.41 

474.98681 


+  -ol 


7. 


PRDVER  DATA 

FLOW  RATE  138.70  138.93 

**************************  TURBINE  METER  TEST  REPORT  **********************> 


FIGURE  B.l  MAINSTREAM  METER  CALIBRATION.  (2  of  4) 
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****t**************************  CALIBRATION  DATA  XXXXXXXXXXXXXX************). 


RUN 

METER  DATA  2 


COUNTS  -  11730464 

METER  FACTOR  --  475.15020 

NEW  METER  FACTORS  475.17675 


RUN 

1 

11739*56 

475.19531 


PROVEN  DATA 

FLOW  RATE  117.78  118.87 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEW  METER  FACTORS 


RUN 

2 

11750.67 

475.64501 

475.54711 


RUN 

1 

11745.02 

475.44897 


PROVEN  DATA 

FLOW  RATE  100.67  100.79 


METER  DATA 

CDUNTS  - 

METER  FACTOR  — 

NEW  METER  FACTORS  475,54711 

PROVER  DATA 
FLOW  RATE 


METER  DATA 

COUNTS  - 

METER  FACTOR  -- 
NEW  METER  FACTORS 


RUN 

2 

11756.40 

475.07695 

475.870B4 


RUN 

1 

11756*10 
475 . 06474 


PROVER  DATA 

FLOW  RATE  77.81  78.40 


RUN  RUN 

METER  DATA  2  1 

COUNTS  -  11761.38  11763.90 

METER  FACTOR  --  476.07861  476.10066 

NEW  METER  FACTORS  476.12963 


3' 


% 


PROVER  DATA 

FLOW  RATE  60.37  60.38 

XXXXXXXXXXXXXXXXXXXXXXXXXX  TURBINE  METER  TEST  REPORT  XXXXXXXXXXXXXXXXXXXXXX* 


14  JAN  08  16S23 

METER  IDS  WRFF  DATA  BYS  - 

TEST  tjo.  8B-1  PAfiiC  2<>F3 

4*1 tXX******X****XX*XXX***X*X*X*  CALIBRATION  DATA  XXXXXXXXXXXXXXXXXXXXXXXXXX* 

FIGURE  B.l  MAINSTREAM  METER  CALIBRATION.  (3  of  4) 
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RUN 

METER  DATA  2 

COUNTS  -  11766*59 

METER  FACTOR  —  476*20955 

NEW  METER  FACTOR:  476.23820 


RUN 

1 

11764.05 

476.18676 


PROVER  DATA 

FLOW  RATE  35*97  37.35 


+  • 


si 


7. 


METER  DAtA 

COUNTS  - 

HETER  FACTOR  — 
NEU  METER  FACTDR1 


RUN 

1 

11758.49 

475*96142 

475.96142 


PROVED  DATA 

FLOW  RATE  19.94 


**************************  TURBINE  HETER  TEST  REPORT ' **********************< 
14  JAN  BB  16131 

METER  ID:  URFF  BATA  BY  I  _ 

TEXT  W®.  88-9  PAGE  3  op  3 

*t*****************t*****t*****  CALIBRATION  DATA  *************************** 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 

NEU  METER  FACTOR •  476.23820 


PR-OVER  DATA 
FLOW  RATE 


RUN 

METER  DATA  2 


COUNTS  -  11757.80 

METER  FACTOR  —  475.93701 

NEU  METER  FACTOR:  475.87670 


RUN 

1 

11754.91 

475*81640 


7. 


PROVER  DATA 

FLOW  RATE  21.96  21.90 


FIGURE  B.l  MAINSTREAM  METER  CALIBRATION.  (4  of  4) 
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WIDE  RANGE  FUEL  PLOWHETER 
CALCULATION  SHEET  -  %  DEVIATION 


Data  12/01/ B7  108935  Pag®  7  of  11 

FIGURE  B.2.  SYSTEM  CALIBRATION.  (1  of  5) 
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WIDE  RANGE  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  NO.  1 
SERAPHIN  FLASK  CALIBRATION 

DATE!  M&-8& 

TIME -STARTt  9.»  >7 _  AKB.  TEMP.  START!  52,  *(g 

STOP*  lOlSS  STOP*  S&  *tr 

TEST  NO: 


RECORDED  DATA 


slkiH 

BUS 

E223 

IC3sB 

■  |  mi 

PULSI 

3 _ 

t^iBi 

2" 

1" 

.5 

H!B5 

1.9982 

+■»  5© 

48+58 

meiL 

43  + 

rs- 

rs 

.5 

Fivprfi 

nm 

Ja* 

m 

1.0 

H*M*I 

□HD 

V+K51 

mnn 

1.0 

*nam 

DUE] 

i»sn 

■  ■ 

_ 2-1.8 _ 

Bxau 

fUKTU 

EXtQ 

wFizm 

ESEU 

3~8 

2.0 

HUH 

HK!M 

- 

P>lCil 

WEflbEm 

EKQ 

4.0 

kBi’i-M 

■am 

viun 

rviu 

&  / 

s* 

4.0 

KI«IrJ 

IKIW 

BE3 

IIIK1 

CHLl 

CALCULATED 


IT~IB"i'r'iiMB 

iSStiiSaMB 

TEST  VOLUME 
(GAL) 

■vWJH 

.5 

2.,  OOO  4- 

.484 

4U.9I  1 

.5 

TT5oT~5 

.  4B3 

x^m7 ashbsh 

1.0 

_ 5".  O  Q  5  | _ 

.  ?43 

47  0  .  fZ- 

1.0 

.9  41 

4J>o_.7?i_.  _ 

2.0 

<?.  4  $a.r 

zTto? 

47  Z 

2.0 

.... 

2..  /  1  o 

470.8  0  _. 

4.0 

7  ■  4  5  /  4 

4T7^S 

47  1  .  So 

4.0 

7  •  9  8  4  4- 

_ 4.1  O  3  _ 

4-7  Z..  4o 

DATA  BE* _  _ Wfr  Ct/dA- _ 

APPROVED  * _ 

ftyw  cowDycrtB  fir  Z.o &pm 

S2.SG.3Z  S-EC  +  iS9tSO  47 2.t 

9.99 44  2.o94  47Z.6T)  K.  FAcroR 

i  FUOUJ  s-TRfltGMTEfO^fSL  Re  MOv'lTD  PRl  Oft.  To  THIS  Bl»M 
SYSTEM  &E(2jOED  ZEFOR.E  R-OH 
Date  12/02/B7  108935  Page  4  of  11 

FIGURE  B.2.  SYSTEM  CALIBRATION.  (2  of  5) 
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AEDC-TR-89-6 


HIDE  RANGE  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  HO.  2 
PROVEN  calibration 
date:  1-18  -8a _ 


TIKE  -  START l 

STOPS. _ 

TEST  MO.  t  88-ii 


/o:vx 


i  r.Ho 


AMB.  TEHP.  START*. 

STOPS 


SJUL 

&o'F 


PROVEN  VOLUMES  24.724 
RECORDED  DATA 
^1)  TEST  FLOW  RATE(GPH), 


GALLONS 


Pa,  *  X  FACTOR— 1010  COMPUTER  PRINT  OUT 


NOK.  flow 
RATE  (GPM) 

WATER 
TEMP.  <*F] 

SYS.  PRESS 
(PSI) 

CALCULATED 

TIME{SEC.) 

2* 

1« 

_ 8  —  - 

RSE9 

■  TfTT 

51 

58 

fuzKm i 

15 

2 .7  OSO 

_ 

»HIM3 

30 

w 

3  £ 

rj;WYH 

60 

mn* mu  wm 

t  a 

v* 

KX1H 

120 

.  f¥  l  16 

6573. 

5  8 

5i 

180 

<3  V3.-7 _ 

¥  9  16 

s  k 

felR« 

notess  svstena  wot  zeroed 


DATA  BY l 

AFFROVEDS_  'A'  Jill* 


Dat®  12/01/87  108935  Pag*  5  of  11 

REV1-8-83  (1)  DELETED-TIME(SEC) 

(2)  ADDED  CALC.  TINE 

FIGURE  B.2.  SYSTEM  CALIBRATION.  (3  of  5) 
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90 


AEDC-TR-89-fl 


*#l*i*M#****»4*#****»Jm:l'  TU^MNh  KE 


F.F.  7E.3T  REPORT  fc**;##*####:##*##****#*#* 


18  JAN  88  11105 

meter  ipt  wrfp  i^ta  by: 

resT  wo.  es-/i  PAte  t  of  2 

sM'****  Jr***  -{4  <!:<r.:!  it  tiivt  *:»S  CALIBRATION  PiJ.TA 


**#*#*» *:**.****.»:**  iiJi  t  *:*  *y,  - 


RUN  RUN 

METER  DATA  3  2 

COUNTS  -  11 67*. <5  11*71.41 

METER  FACTOR  ~  472.64866  472*43652 

NEW  METER  FACTOR;  478.54272 


RUN 

1 

11*78-70 


472.73)73 


P ROVER  DATA 

Fl-OW  RATE  8.49  J.J  1  8.98 


RUN  RUN 

METER  DATA  2  | 

COUNTS  -  11*80.70  11682.52 

METER  FACTOR  -  472.82080  472.88647 

new  meter  Factor:  472.95375 

P ROVER  RATA 

FLOW  RATE  16.40  16.18 


RUN  SUN 

METER  DATA  2  I 

COUNTS  -  M 722 .51  11727.44 

METER  FACTOR  *—  474.50537  474 .70*07 

new  meter  factor:  474.40522 


PROVE*  DATA 

FLOW  RATE  30.50  30.47 


RUN  RUN 

METER  DATA  2  I 

COUNTS  . . -  11727.81  11727.10 

NSTER  FACTOR  474.80078  474.69091 

NEW  METER  FACTOR;  474.74584 

PRC VCR  DATA 

FLOW  RATE  40.71  40.69 


RUN  RUN 

meter  data  2  l 

COUNTS-- . .  11741.41  11743.32 

METER  FACTOR  -  475.27026  475.34765 

NEW  METER  FACTOR:  475.30708 

P ROVER  DATA 

FLOW  RATE  123.06  182.94 


FIGURE  6.2.  SYSTEM  CALIBRATION.  (4. of  5) 
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AEDC-TR-89-6 


is  Jam  sb  n  :3+ 

METER  id:  WRFF  £  : 


tv J * ? ■-■>  •  -**)►  >•  - i  .  ■ 


SUN  RUM 

METER.  DATA  2  1 

COUNTS  11 7Z8.BS  1172 6.SS 

METEJt  FACTOR  474.76273  474 .64894 

NEW  METER  FACTOR:  474.71606 

PROVE*  DATA 

FLOW  RATE  177.41  177  >52 

TXST  UC,  M-M  PSC'f 


FIGURE  B.2.  SYSTEM  CALIBRATION.  (5  of  5) 
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WIDE  RANGE  FUEL  FLOWMETER 
CALCULATION  SHEET  -  %  DEVIATION 


AEDC-TR-89-B 


DATE:  I-19-8& 


TEST  NO.:  86-tl 

Loto  Pee-SSwR£  CAUgRAnOM 


NOM.  FLOW 

RATE  (REF) 

TEST  FLOW 

RATE  (GPH) 

X  FACTOR 
(PULSES/  GAL) 

%  DEV. 

.9 

.43o 

47o.9l 

J5o 

.5 

.5-34 

474.  £7 

—  .  O  J 

1.0 

.99-7 

473-.  12. 

+  .  08 

1.0 

47fi!f7 

V  ! 

2.0 

_  473.47 

- 

2.0 

2. .  e>39 

47TTT7 

-  .2.4 

1 

4.0 

_ ?. 

.  473.4*9  " 

-  .2.4- 

4.0 

2.9 t  h. 

473  .1ft 

-  .  2t 

8.0 

473 .82 

—  .  1  £ 

15.0 

_ /3  _ 

47  3. 02- 

-  .  3  6, 

30.0 

3  /  .  2.1 

474.  91 

+  .02. 

60.0 

_ 59 ■ 3  0 _ 

47  4 ,71 

-  O  - 

120.0 

4-2- 4-  If- 

4-7>  .  2-0 

+TT5 

180.0 

4TA-.  It 

-  •QSr 

t  DEV.  CALCULATED  AS  FOLLOWS: 


474.72.  -o- 


%  DEV. 


fc 


JLS.STJ. 


K  1  X  100 

f ISO  GPMjJ 


(ISO  GPK) 


BY: _ 

APPROVED: 


Date  12/01/87 


10S939  Page 

FIGURE  B.3-  LOW  PRESSURE  CALIBRATION.  (1  of  5) 


7  Of  11 
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AEDC-TR-89-e 


HIDE  RANGE  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  NO.  I 
SERAPHIM  FLASK  CALIBRATION 


DATE*  /- 1  ?  -<gg> 


TIME-START  I  9:4-0 


AMB.  TEMP,  START  t  So  “f 


STOP!  lo  !  S3 
TEST  NO:  fi 


RECORDED  DATA 


stop! _ $s~y 


ISmaffcCT 

TIME 

(SEC) 

VOLUME 

MMJ. 

PULS! 

ss 

rrwTj|||« 

BvJI" 

Trnt 

+/-IN3 

2" 

11" 

SYS 

.5 

1.9982 

ms 

PBWil 

KB 

sr 

a  5 

FAX1UJ 

mnri 

nm 

KFIH 

r>«»i 

1.0 

tnivi] 

ramoi 

ratn 

rrzEtQ i 

F4MJI 

3"7 

~  /  g  n 

1.0 

twwn 

-O- 

etuii 

FAfM 

.2  . 

HfTPH 

ruwj 

r/r»4ra 

EBE9 

MSB 

a _ 

KH31 

EWH 

4.0 

reran 

cyjta 

tcmi 

| 

Eidl 

Tt 

78 

4.0 

HffPFl 

ftajwfl 

rvm 

CALCULATED 


Hi 

TEST  VOLUME 
(GAL) 

mimam i 

.5 

Z.poo  4 

.430 

470 .  9/ 

.5 

1.0 

0  05-1 

■RAJrJHl 

4ir.it 

1.0 

x.«ooi 

4-?i  .57 

2.0 

2.  .  O  3S 

4.-7  ^  .  47 

2.0 

"9T9TTT 

1.0^ 

4  73  .>7 

4.0 

01  7  t 

3,918 

4.0 

9^  IS 

■  S'.sia 

4  71*2  8  ; 

DATA  BY: 
APPROVED! 


UWiT  eeeoED  BET^Rer 
LOM  PfceSSURE  CflL.tB(tATlOU 


Data  12/02/87 


108935  Page  4  of  11 

FIGURE  B.3-  LOW  PRESSURE  CALIBRATION.  (2  of  5) 
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AEOC-TR-69'0 


WIDS  RANGE  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  MO.  2 
PROVE*  CALIBRATION 
DATE!  /  ~/9~88 _ 


TIKE  -  START  I 

STOP!  /‘37 
TEST  NO.  I  83-13 
PROPER  VOLUME)  2-4.724- 
RECORDED  DATA 


AMB.  TEMP.  START)  56* 
BTOPl 


GALLONS 


)  TEST  FLOW  RATE (GFM) 


Fa,  A  X  FACTOR-1010  COMPUTER  PRINT  ODT 


NOM.  FLOW 
RATE  (GPM) 

s 

H7'#»vl-W 

■mw 

CALCULATED 
TIME (SEC.) 

2" 

■UHI 

ESSIE 

8 

JA6AS 

mruzm 

68 

=lS 

n>nm 

15 

— T57T5S 

6  1  $  7  S 

»5 

siqfjii 

30 

66 

JkO 

60 

1  &  6*1 

i  ■Tfii 

Is 

AO 

120 

BP  !■  IK.I 

vift^ ta 

180 

1  3  ¥31. 

■FC7HB 

15 

— a — 

■  Kill 

VOTES: 

\~*VJ  PR.PSSUB.G  CALIBRATION 

wit  k wr  EseERdSb 


DATA  BY:_ 
APPROVED: 


W:h  UJi 


Data  12/01/87  108933  Paga 

RtVl-8-83  (1)  DELETED-TIHE (SEC) 

(2)  ADDED  CALC.  TIME 


FIGURE  B.3.  LOW  PRESSURE  CALIBRATION.  (3  of  5) 
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AEDC-TR-SM 


19  JAM  88  IZ:S3 
METER  ID?  WftFF 

TKT  NO.  88-13,  LoU  PeeSJl;R.C  CttLIft.  p/|<e  £  «F  Z 


RUM  RUM 

METER  DATA  2  | 

COUNTS  11686.30  M685.24 

METER  FACTOR  473.03930  472. 99658 

MEW  METER  FACTOR1.  473.01803 

P ROVER  DATA 

FLOWRATE  13. -46  13.59 


RUN  RUN 

meter  data  2  l 

COUNTS  11707.01  11704.40 

METER  FACTOR  473.8773ft  473.77(97 

NEW  METER  FACTOR:  473.02495 

P ROVER  DATA 

FLOW  RATE  6.96  7.©S 


METER  DATA 
COUNTS 

meter  factor  - 

NEW  METER  FACTOR:  473-82495 

P ROVER  DATA 
FLOW  RATE 


RUN  RUN 

METER  DATA  2  1 

COUNTS  . -  11731.05  1)729.07 

METER  FACTOR  474.85083  474.77050 

NEW  METER  FACTOR*  474*81079 

PRDVER  DATA 

FLOWRATE  31.21  31,09 


RUM  RUN 

METER  DATA  2  1 

COUNTS  -  11726.89  11728.55 

METER  FACTOR  —  474.682 61  474.74975 

NEW  METER  FACTOR:  474.71630 

PR  OVER  DATA 

FLOW  RATE  58.30  58*42 

♦  Jfc***^**^^*^^*-*********#*#  TURBINE  METER  TEST  REPORT  ******>m*****#r¥»3M-T 
FIGURE  B.3.  LOW  PRESSURE  CALIBRATION.  (4  of  5) 
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AEDC-TR-89-a 


19  JAN  0B  13124 

METER  ID!  UIRFF  DATA  BY J  _ 

T r?r  wo.  &&  -13  9*<mZ  Z  Of*  2. 

CALIBRATION  DATA  ******ik**!k****iKi|citc>|(*i|:«*i|i**4 
RUN  RUN 

METER  DATA  2  1 

COUNTS  -  11739.62  11739.60 

METER  FACTOR  —  475.19799  475.19726 

NEW  METER  FACTOR!  475.19775 

PROVER  DATA 

FLOW  RATE  124.12  123.90 


RUN  RUN 

METER  DATA  2  1 

COUNTS - 11725.28  11725.30 

METER  FACTOR  —  474,61743  474.61791 

NEW  METER  FACTOR!  474.61767 


PROVER  DATA 

FLOW  RATE  176.63  176.15 


FIGURE  B.3.  LOW  PRESSURE  CALIBRATION.  (5  of  5) 
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AEDC-TR-B0-6 


WIDE  RANGE  FUEL  FLOWMETER 
CALCULATION  SHEET  -  «  DEVIATION 


Data  12/01/87  108933  Fag*  7  of  11 

FIGURE  B A.  STABILITY  CALIBRATION.  NO.  1  (1  of  5) 
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HIDE  RANGE  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  MO.  1 
SERAPHIM  FLASK  CALIBRATION 


AEDC-TR-09-8 


DATE  I 


_ _  IJVO 


UMIT  MOT  SEAeED  BeFop-g  RUN 
LAST  Z-CCo  3iJoPM  /-2o-fl3 


Data  12/02/87  108933  Pag*  4  Of  11 

FIGURE  B.4.  STABILITY  CALIBRATION.  NO.  1  {2  of  5) 
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HIDE  RANGE  FUEL  FLOWMETER 


CALIBRATION  DATA  SHEET  NO.  2 
PROVEN  CALIBRATION 
DATE  :  i 


TIKE  -  START i, 
STOP*. 
TEST  NO.  I _ 


Cl]  HO 


3lSi 


i  & 


PROVER  VOLUME:  3-4.7 3.*f 

RECORDED  DATA 

TEST  FLOW  RATE (GPM) , 


AMB.  TEMP.  START:. 

STOP: 


7  l°F 


7  OmF 


GALLONS 


PS,  &  R  FACTOR— 1010  COMPUTER  PRINT  OUT 


NOM.  FLOW 
RATE  (GFK) 

PULSES 

WATER 
TEMP.  (•  F] 

□THE2Z2 

■OH 

CALCULATED 
TIME (SEC.) 

2" 

* 

+5*16.9 

f6  9r/ 

SB 

/99.65S* 

15 

2^4-5* 

-49  111 

75 

an  .<**2. 

_ 30 

2.T 6zX 

lO 

■fiNUfl 

60 

l  j  5  3  J 

_  70  _ 

Kzaras 

120 

V  I  oi 

»  0 

-5  + 

MI  WTMM 

180 

i  3  1  H  0 

11  4  3 

70 

H  S 

mmffwrn 

NOTES:  woT  PfcJOf*.  TO  R-un  ’ 


DATA  BY:. 
APPROVED 


/yyijjf 16 


Date  12/01/87 


108835  Page 

FIGURE  B.4.  STABILITY  CALIBRATION.  NO.  1  (3  of  5) 


5  Of  11 


AEDC-TR-89-6 


jm****Y#»*'##*.******#********#*  CALIBRATION  DATA  #******#**###*)|  ftcr*****  -  . 

RUN 

METER  DATA  1 

COUNTS  -  11675.45 

METER  FACTOR  —  472.60034 

NEU  METER  FACTOR?  472.60034 

PROVER  DATA 

FLOW  RATE  7.07 


**************************  TURBINE  METER  TEST  REPDRT  ***********#*****#**Hl#* 
21  JAN  88  14? 47 

METER  ID?  URFF  DATA  BY? _ _1 _ 

1 t##**^#*:******#*:*#*#**#*##*'.*#*  CALIBRATION  DATA  *************************** 

RUN 

METER  DATA  1 

COUNTS  -  11655.36 

METER  FACTOR  —  471.78710 

NEU  METER  FACTOR?  471.78710 

PRDVER  DATA 

FLOU  RATE  8.23 


**************************  TURBINE  METER  TEST  REPORT  *********************** 
21  JAN  88  15?  02 

METER  ID?  URFF  .  DATA  BY?  _ 

TEST  NO.  66  -IS  PWf  i 

*******************************  CALIBRATION  DATA  *************************** 

RUN  RUN  RUN 

METER  DATA  321 

COUNTS  -  11671.10  11676. 2B  11663.12 

METER  FACTOR  --  472,42407  472,63403  472.10107 

NEU  METER  FACTOR?  472.52905 

PROVER  DATA 

FLOU  RATE  7.43  7.59  7.84 


RUN  RUN 

METER  DATA  2  1 

COUNTS  -  11676.92  11675.10 

METER  FACTOR  —  472.65991  472.58593 

NEW  METER  FACTOR?  472.62304 

PROVER  DATA 

FLOU  RATE  16.88  16.68 


FIGURE  B.  4.  STABILITY  CALIBRATION.  NO.  1  (4  of  5) 
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AEDC-TR-89-6 


METER  DATA 

COUNTS  - 

METER -FACTOR 
NEW  METER  FACTORS 


RUN 

2 

11712*94 
474  « 15B44 
474.25244 


'  RUN 
1 

11718.58 

474*34643 


PROVER  DATA 

FLOW  RATE  28.98  30.09 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEW  METER  FACTORS 


RUN 

2 

11714.82 

474.19384 

474.26733 


RUN 

1 

11718.44 

474.34057 


PROVER  DATA 

FLOW  RATE  60.11  60.13 


RUN 

METER  DATA  2 

COUNTS  -  11731.63 

METER  FACTOR  —  474.B7451 


NEW  METER  FACTORS  474.B7646 


RUN 

1 

11731.72 

474.87817 


PROVER  DATA 

FLOW  RATE  119.82  119.95 

**************************  TURBINE  METER  TEST  REPORT  it##**##***####** ****** 
21  JAN  88  15  S  37 

METER  IDS  URFF  DATA  BYS  _ 

TEST  W©.  BS-IA  PAGE  Z  oF  2. 

*******************************  CALIBRATION  DATA  **************************> 


RUN  RUN  RUN 

METER  DATA  3  2-  1 

COUNTS  -  11727. S3  11726.91  11720.35 

METER  FACTOR  —  474.69213  474.6B334  474,41796 

NEW  METER  FACTORS  474.68774 


PROVER  DATA 
FLOW  RATE 


153.56 


181.30 


181.57 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEW  METER  FACTORS 


RUN 

2 

11725,81 

474.63867 

474.64111 


RUN 

1 

11725.92 

474.64331 


I 


PROVER  DATA 

FLOW  RATE  179.20  179.51 


FIGURE  B.5.  STABILITY  CALIBRATION  NO  1  (5  of  5) 
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AEDC-TR-B9-6 

WIDE  RAMOS  FUEL  FLOWMETER 
CALCULATION  SHEET  -  %  DEVIATION 


DATE;  /-2-Z-83 


(180  GPK) 


Date  12/01/87  108933  Page  7  oi  ll 

FIGURE  B.5,  STABILITY  CALIBRATION  NO.  2  (1  of  5) 
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AEDC-TR-89-6 


WIDE  RANGE  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  MO.  1 
SERAPHIM  FUSE  CALIBRATION 


DATE: 

TIME-START:  S.’  S£ 


STOP:  j/;y  am  j-zi-88 


TEST  RO:  _ 

RECORDED  DATA 


I 


AMB.  TEMP.  START:. 

STOP: 


~7Q°F 


i2  °F 


NOM  FLOW 
RATE  fCPM> 


TIME 

(SEC) 


VOLUME 

(OAL) 


2" 


SYS 


WATER 
TEMP  (F) 


.5 

.5 


233.8 


T75” 


1.9982 


fee 


1.9982 


- 


4S9  (9 


S2E 


T75~ 


JLlSL 


I h&l 


2K 


5.0003 


Ja£_ 


W 


5.0003 


't-.iT0 


9.9955 


4.0 

4.0 


i 


9-9955 


•S2. 


9.9955 

9.9955 


iTTzTo 


I7fl 


i: 


i  /  (g  o  a 


3131 


zSi 


TTS 


1±±L 


Bo 


m 

■28  4  b 


.  « 

•*TTS 


CALCPLATED 


MOM.  FLOW 

RATE (REP.) 

TEST  VOLUME 

(GAL) 

TEST  FLOW 

RATE  (CPM) 

X-FACTOR 

(PULSES/GAL) 

.5 

2 .  ooe>  & 

.S’/S 

462.  .«/ 

■■HEmMM 

■■HI  MSAFIBB 

1  1.0 _ 

_ 5*  °°  a-*' _ 

. 

-9- *7®  .96  i 

_ .  9  38 _ 

_ X~7o  .  i  S _ 

2.0 

2.0 

2..  oil 

4.0 

_ IA-X _ 

4.0 

_ 9.g  -4  i  a 

o 

4 

c 

T 

--  1 

DATA  BY:  ^ 

APPROVED: 


More:  test  was  started  3;  JST  PK  am 

TFsr  -srANju  pcoblet-i*  F©ec.cr>  cessAnow 

OF  TEST  APPPe*  S;oo  PM 
test  resumed  |i:©o  am  i-zz-bs 
^MPLCTCD  II*.  ^-7  An  /-Zt-88 
MoT"  R.E  2-e.e.oeD  PR.10R.  To  auo  -  i-45T  &GZ.O  /-Z0-8 
Data  12/02/87  -  108935  Pago  4  of  11 


FIGURE  B.5.  STABILITY  CALIBRATION  NO.  2  (2  of  5) 
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AEDC-TR-B9-0 


HIDE  BANGS  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  HO.  2 
PROVES  CALIBRATION 
DATE:  I-ZZ  -  6g _ 


TIME  -  START!  tZ‘.  S2 
STOP!  2.1  QS 


AKB.  TEMP.  START:  6x5  °F 

STOP:  66°  F 


TEST  HO.:  33-20 _ 

PROVES  VOLUME;  7^.*/ _  GALLONS 

RECORDED  DATA 

(1)  TEST  FLOW  RATE (GPU) ,  Pi,  1  I  FACTOR-1010  COMPUTER  PRINT  OUT 


NOM.  FLOW 
RATE  (GPM) 

.  PULSE 

s 

HATER 
TEMP.  (•  F) 

SYS.  PRESS 
<PBI) 

CALCULATED 
TIME (SEC.) 

2» 

xa 

8 

*3s<n 

7o 

ss 

/C7.  iie 

15 

3  0  707 

55/  0? 

7  O 

30 

*0**1 

*5  h  7  4 

7 0 

5.5 

60 

I6i*i  _ 

i  3<aa. 

}o 

M  .09a 

120 

1  H  >17 

61  AT 

K> 

3i 

180 

13  va  < 

.'.m, _ 

70 

_ V-5 

#.  2Lt  1 

NOTES: 


jsItfT  g.gie'feoE'O  pp.iofE.  Tto 


DATA  BY:_ 
APPROVED: 


W.UM- 
lih±_ 


'tZL.  Ui 

IkJk 


Date  12/01/87 

REV 1-8-83  (1)  DEL  ETED-T 1ME (SEC ) 
(2)  ADDED  CALC.  TIME 


FIGURE  B.5. 


108935  Page 


STABILITY  CALIBRATION  HO.  2  (3  of  5) 


S  Of  11 
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AEDC-TR-8EM5 


METER  DATA 

COUNTS  - 

METER  FACTDR  — 
NEU  METER  FAC-TORS 


RUN 

2 

11654.7? 
471.76391 
471 .02934 


RUN 

1 

11658.02 

471.89477 


PROUER  DATA 

FLOW  RATE  8,85  B.B2 


METER  DATA 

COUNTS  - 

METER  FACTOR  -- 
NEW  HETER  FACTORS 


RUN 

2 

11480.86 

472.81933 

472.81933 


RUN 

1 

11674.19 

472.54931 


PROUER  DATA 

FLOW  RATE  17.71  17.46 

**************************  TURBINE  METER  TEST  REPORT  «***|c**«****r******K*to 
22  JAN  88  13  S 10 

METER  IDS  URFF  DATA  BYt 

TCSTJU*.  8fl-2o  pftGE  1  oFZ 

♦4  *****  #)((  4  He  CALIBRATION  DATA 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEW  METER  FACTORS 


RUN 

1 

11658.44 

471.911BA 

471.91186 


PROUER  DATA 

FLOW  RATE  13.33 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEW  METER  FACTORS 


RUN 

1 

11666.37 

472.23291 

472.23291 


PROUER  DATA 

FLOW  RATE  15.17 


RUN  RUN  RUN 

METER  DATA  543 

COUNTS  -  11666.84  11661.45  11671.96 

METER  FACTOR  —  472.25195  472,03344  472.45898 


NEW  METER  FACTORS  472.14282 


RUN  RUN 

2  1 

11664.32  11676.8? 

472.14965  472.65B6? 


PROUER  DATA 
FLOW  RATE 


15.04  15.06  15. OB  15.10 


15.12 


FIGURE  B.5.  STABILITY  CALIBRATION  N0.2  (  4  of  5) 
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AEDC-TR-89-8 


METER  DATA 

COUNTS  - 

METER  FACTOR  -- 
NEW  METER  FACTOR} 


RUN 

2 

11715.42 

474.21826 

474.21777 


RUN 

1 

11715.40 

474.21728 


PfiOUER  DATA 

FLOW  R*TE  32.15  31.87 


RUN 

METER  DATA  2 

COUNTS' -  11716.62 

METER  FACTOR  --  474,26684 


NEU  METER  FACTOR.  474.30639 


RUN 

1 

11718.57 

474.34594 


PRQVER  DATA 

FLDU  RATE  61.58  61.36 

*tiM[*****]m***W**tt*****»  TURBINE  METER  TEST  REPORT  *********************: 


22  JAN  8B  13}46 

METER  ZDS  URFF  DATA  BY*  _ 

THTST  WO.  06  -zo  PA&C  2  OF  1 

#***********************)( <***«»*  CALIBRATION  DATA  **im***##*:M**:M:******#*> 


RUN 

METER  DATA  2 


C0UNT8  -  11733.98 

METER  FACTOR  ~  474.96972 

NEU  METER  FACTOR:  474.93432 


RUN 

1 

11732.23 

474.89868 


PROVEN  DATA 

FLOW  RATE  123.02  122.70 


RUN 

METER  DATA  2 

COUNTS  -  11721.10 

METER  FACTOR  --  474.44824 


NEU  METER  FACTOR*  474.43530 


RUN 

1 

11720.46 

474.42236 


PROVEN  DATA 

FLOU  RATE  1B0.42  180.35 


FIGURE  B.  5.  STABILITY  CALIBRATION  NO.  2  (5  of  5) 
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AEDC-TR-09-6 


WIDE  RANGE  FUEL  FLOWMETER 
CALCULATION  SHEET  -  %  DEVIATION 


DATE*  1-2. S’-  8 B 

TEST  K0.:_g8-22-^  AIR.MT&R.  pyy\p  TETST 


NOM.  PLOW 

RATE  (REF) 

TEST  FLOW 

RATE  (GFH) 

X  FACTOR 
i  (PULSES'GAl) 

«  DEV. 

_ *2 _ 

.5*31  . 

473.67 

1 

• 

N 

Is* 

_ iS _ 

4-7Q.CZ  " 

-  -  JSZ  ~ 

1*0 

_ U°*l 

4  (.6  .  S9 

-1.71  ■ 

X  a  0 

7.  i 

470 . 

"  -  !  ft  *7 

2.0 

_ uftf 

4 1>9 .  at 

-1.  a! 

-MO _ 

4ii.il 

—  .  44 

l 

4.0 

4-0  30 

47/.  41” 

'  i  .7© 

4.0 

_ 4>o*-C, 

4  72.77 

- ;  ti 

— PrO _ 

:  47 3.1  — 

*472.  .41 

-  .4-9 

_ 

L7‘L$ 

__  471,77 

-  . Xi 

30.0 

Vi*  4' 

4  7  2-  .  6 1 

—  .  44 

60.0 

-  -21.  f7 

-.33  ! 

120.0 

_ jU  .33 

-  ,20 

180.0 

“  !  o  4 

t  DEV.  CALCULATED  AS  FOLLOWS: 

«  DEV.  -  &  -  K  1 

L (TEST)  (180  GPMlI 

474.72 

X  100 

—  ©  - 

(180  GFMJ 


BY: _ 

APPROVED; 


Data  12/01/87 

FIGURE  B.6. 


108933  Pag* 

AIRMOTOR  SYSTEM  CALIBRATION.  (1  of  6) 


7  of  11 
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AEDC-TR-B9-6 


WIDE  RANGE  FUEL  FLOWMETER 
CALIBRATION  DATA  SHEET  NO.  1 

SERAPHIM  FLASK  CALIBRATION  ^|£M OTOfS.  PUMP 


DATE:  /-Zg-ftfl 


TIME-START:  to  l  3o 

At 


stop: 

TEST  NO: _ ” 

RECORDEb  DATA 


M 


3=2^ 


AKB.  TEMP.  START:  Kl  *P~ 

STOP:  7fl  V 


I \WMir.ym 
35] 

m 

VOLUME 

(CAP 

IWifiCT 

HATER 

TEMP  m 

DIB. 

PRESS 

(PSI1 

+/-IN3 

2" 

T" 

SYS 

.5 

1.9982 

1919 

430  *r 

947 

77 

5*6 

■  5 

A 

m±is 

HWl 

niiiri  ] 

[!!■ 

W\L3 T*] 

HBEEH 

W.W-t1 

mm 

FffIN 

L 

HFTJm 

Hens 

ULKJJ 

nun 

V»»M 

79 

L  2.0 _ 

Kinra 

FJTTPtJ 

EMCU 

PfTOI 

rr»ra 

CP* 

Wity 

mn 

r^mi 

IKRS 

L» 

rix 

1  4*° 

•mra 

PJER-TJ 

nmm 

s-mey* 

*:/WTl 

tfi 

m 

MrJrJM 

i  4.0 

KlNM 

HIKB 

urns 

I5»H 

cn 

UJ 

CALCULATED 


NOM.  FLOW 
RATE (REF. 1 


TEST  VOLUME 

_ (CAL) 


TEST  FLOW 

RATE  fOPHI 


X-FACTOR 
( PULSES/ GAP 


.5 

t r 


f.999s 


.Sit 

■ .  S’lL 


4.73  ,67 


m 


HIT 


l.o 


-US. 


a.o 


2.6 


4.0 


•  ST 

4.~7  o  .  So 

pSp 


JLsJL 


4-. ctfe 


DATA  BY:  ^ 


tfife  Pb»«^«c 


APPROVED: 


eetrto  JBeFofte  aow 
*  icer  ewu©  up  ©m 

tfOTOR.  DISCHARGE  MUFFL.EK.. 
DCF^CoarSTD  BGF&RE  WfiOCT 


.S' 4©^ 

46  PSJ 

.5 

44  m 

*5  ■ 

J.O 

45  - 

2  .0 

45  '• 

A.O 

<4  •• 

4.o 

45  •• 

4.° 

64  •• 

Data  12/03/87 


108935  Ptgt 


4  Of  11 


FIGURE  B.6.  AIRMOTOR  SYSTEM  CALIBRATION.  {2  of  6) 
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AEDC-TR-89-0 


WIDE  RANGE  FUEL  FLOWMETER 

CALIBRATION  DATA  SHEET  NO.  2 

* 

PROVEN  CALIBRATION  AI&-MOTOG.  POMP 
DATE;  l  -ZS  .flft _ 


TIKE  -  BTARTl  II  i  B  \ 
STOP;  / t  So 


AKB.  TEMP.  START;  7 QCF 

STOP:  7  3  *F 


TEST  NO.  t  &8-Z3 _ 

PROVER  VOLDME:^ _  GALLONS 

RECORDED  DATA 


(Jl)  TEST  FLOW  RATE  (GPM>  ,  PS,  &  K  PACTOR-IOXO  COMPUTER  PRINT  OUT 


NOK.  FLOW 
RATE  (GFK) 

PULSE 

s 

WATER 

SYS.  PRESS 
(PSD 

CALCULATED 
TIKE  (SEC. } 

2" 

T" 

TEMP.  (*FJ 

_ B _ 

43  0  6  9 

9/  4  n 

IS- 

-5% 

f6l.06fi 

.  .;s _ 

_ 2-91  1  l 

*1  013 

■71 

JT6 

30 

2.4TIC 

7  (. 

44-.  4o  1 

60 

!L  1  l7 

-_J  1  9  74 

■iZ 

4-8 

1T:ih 

120 

/f  0  P4 

6  §9  1 

76 

iT4 

12.. 028 

180 

- UL  i  7.1. 

_ £ili£_ 

_ 1 6 

_ 45- 

■  ■  I'lQ? 

NOTES:  biGT  R .eecaoEB  B£FbR.e  R.UKJ 


Ate.  Pp-erssufLE 


8  C.PM 
IS 

6,6 

lt-9 

I60 


6jr  pst 
6i 
66 
66 
67 

<n 


DATA  1Y;_ 
APPROVED; 


RfiPCAr  86  PM  +Z6?s 

/SGPH  17697 


89918 

464*4 


76  V 

77  *F 


prjlpst  rfrepe6£psi 
p-^iPsL  air.  P  *66  Pat 


Data  12/01/87 

REV1-8-83  (1)  DELETED-TIME(SEC) 
(2)  ADDED  CALC.  TIME 


10893S  Pag*  S  of  11 


FIGURE  B.6.  AIRMQTOR  SYSTEM  CALIBRATION.  (3  of  6) 
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AEDC-TR-89-B 


RUN 

RUN 

METER  DATA 

2 

1 

COUNTS  - 

11544.96 

11547.97 

METER  FACTOR  — 

467.31660 

467 *  4401 B 

NEW  METER  FACTOR.* 

467.37939 

PROVER  DATA 

FLOW  RATE 

9.21 

9.13 

METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEU  METER  FACTOR: 

467.37939 

PROPER  DATA 
FLOW  RATE 


G+U/w*X#X*#***X*X*X**X***»*X#X*  TURBINE  METER  TEST  REPORT  XXXXXXXXXXXXXXXX** 
25  JAN  08  12t24 

METER  ID:  WRfF  LATA  BYt  _ 

TET5T  Wo-  SS-l 3  ^JR-MoToR.  PuMP  PflfrC"  1  eF  S 

X*X***X*Jl**s|'.*X#*X**-*X*##)r.XX*XX>l'  CALIBRATION  DATA  He******#**#************:***}* 


METER  DATA 

COUNTS  - 

HETER  FACTOR  — 

NEU  METER  FACTOR:  467.27939 

PROVE R  DATA 
FLOW  RATE 


>e+:X**X****XXXX*XXXXX*X*X**X*  TURBINE  METER  TEST  REPORT  XXXXXXXXXXXXXXXXX*# 
25  JAN  88  12127 

METER  ID?  WRFF  DATA  BYJ  _ 

XXX#*** ##XX*#**#**X*X****#X**X#  CALIBRATION  DATA  XXXXXXXXXXXXXXXXXXXXXXXXX#* 


METER  DATA 

COUNTS  - 

METER  FACTDR  -- 

NEW  METER  FACTOR:  467*37939 

PROVER  DATA 
FLOW  RATE 


peoycie.  Ft-ow  R-Att  ihsta siutV 
IS  flows  &ev&A TO> 

fir  cnp  of  this  bum  . 

Til 


- »e**X#X##XXXXXX*XX*XXXXXXX*X  TURBINE  METER  TEST  REPORT  XXXXXXXXXXXXXXXXXXX# 

FI SURE  B.6.  AIRMOTOR  SYSTEM  CALIBRATION.  (4  of  6) 


HI 


AEDC-TR-89-6 


*******************************  CALIBRATION  DATA  ************************** 


RUN 

METER  DATA  4 

COUNTS  -  11609.11 

METER  FACTOR  —  469.91503 

NEW  METER  FACTOR !  469.86230 


RUN 

3 

11606.51 

469.80957 


RUN 

2 

-11613.78 

470.10400 


RUN 

1 

11600.96 

469.5B520 


PRQUER  DATA 

FLOW  RATE  16.23  16.28  16.34  16.55 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEW  METER  FACTOR! 


RUN 

2 

11675.85 
472.616 69 
472.60644 


RUN 

1 

11673.34 

472.59594 


PRCVER  DATA 

FLOW  RATE  33.41  33.02 


METER  DATA 

COUNTS  - 

METER  FACTOR  — 
NEW  METER  FACTOR! 


RUN 

2 

11688.43 

473.12573 

473.14160 


RUN 

1 

11689.21 

473,33747 


F'RDVER  DATA 

FLOW  RATE  63.57  63.08 


RUN 

METER  DATA  2 


COUNTS  -  11706.08 

METER  FACTOR  —  473.84008 

NEW  METER  FACTOR!  473.76355 


RUN 

1 

11702.54 

473.69677 


PfiOVER  DATA 

FLOW  RATE  123.33  122.91 


METER  DATA 

COUNTS  - 

METE,R  FACTOR  — 
NEW  METER  FACTOR! 


RUN 

2 

11715.57 

474.22412 

474.2B369 


RUN 

1 

11718,51 

474,34326 


PROUER  DATA 

FLOW  RATE  182.93  182.13 

**************************  TURBINE  METER  TEST  REPORT  ******:m***m**>Mc**>t 


25  JAN  68  13! 07 

METER  ID!  URFF  DATA  BY! 

J,.TE5r  8S-S-3  P/Nsea  of 3 

**«*tf**XVM***t***K«»»«****:lc**  CALIBRATION  DATA  ***»jt**«*********«*«*44)rt* 


FIGURE  B.6.  AIRMOTOR  SYSTEM  CALIBRATION.  (5  of  6) 
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AEDC-TR-BB-6 


RUN  RUN 


METER  DATA 

COUNTS  - 

METER  FACTOR  -- 
NEW  METER  FACTOR * 


2 

11647.79 

472.29028 

472.40502 


1 

11673.45 

472.51953 


FROVER  DATA 

FLOW  RATE  9.21  9.33 


METER  DATA 

COUNTS  * - 

METER  FACTOR  — 
NEW  METER  FACTOR: 


RUN 

2 

11678.47 

472.72241 

472.77270 


RUN 

1 

116BC.94 

472.82275 


FROVER  DATA 

FLOW  RATE  17.69  17.44 


2 .5*  Ta  H  81 

JEST  e& -ZS  pAfi-C  3  ftp  3 


FIGURE  B.6.  AIRHOTOR  SYSTEM  CALIBRATION.  (6  of  6} 


